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MANAGEMENT SUMMARY  

Healthcare providers are continuously trying to improve the quality and at the same time reduce costs 
of the care they deliver. Part of this drive for innovation is executing research and setting up trials, in an 
attempt to find new ways of treatment etc. Clinical trials are the central mechanism in the production 
of medical knowledge and involve research using human volunteers. 
 
This research focuses on hospitals and the software they use to support data management of the entire 
clinical trial process. It offers an analysis of their processes and the needs these healthcare providers 
have.  
 
The aim was to better understand the complex process of clinical trials, the multiple people involved 
with their diverse interests, and adoption of tools to support data management for these clinical trials. 
With this information, the aim was to identify the critical software requirements needed to support the 
process and present these in a redesign. Last, results were translated in suggestions for improving 
software support of the clinical trial process for software companies in general and ChipSoft in 
particular. 
 
The research was executed at ChipSoft, the biggest supplier of healthcare information systems in the 
Netherlands, able to offer such a solution. With the software solutions ChipSoft offers, they fully support 
healthcare providers throughout their work processes.  
 
The software solution currently offered by ChipSoft to support the clinical trial process, is only 
moderately used. Better insight into the clinical trial process and the needs of healthcare providers 
might help to improve the current software solution.  
 
To guide the research, four research questions were formulated:  
 

(1a) What does the clinical trial process look like? 
(1b) What tools are used to manage data related to clinical trials and why? 

 
(2) Which adoption factors influence the decisions made throughout the clinical trial 

process? 
 

(3a) What software requirements are necessary to support the clinical trial process?  
(3b) How important are these requirements to clients? 

 
(4a) To what extent is the software of ChipSoft being used for support of the clinical trial process?  

(4b) What recommendations can be made for improvement?  
 

Methodology 

The research consisted of four phases. In the first phase a literature review focused on gaining insight 
into the central research subjects, before starting the qualitative research, as stated in the first and 
second research question. These subjects were: clinical trials, business process modelling, adoption and 
institutional theory. The clinical trial process is a complex process, involving multiple people across 
multiple specialisms. This complex process can be captured through business process modelling. A 
comprehensive modelling language to map the clinical trial process was identified: the Business Process 
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Modelling Notation (BPMN). Through objects (events, activities or gateways), sequence flows and 
message flows the process can be visualized in a detailed manner.  
Adoption theory focuses on factors that help and/or hinder the decision of people to consider and use 
a new product, service or idea. Several models were identified; the Technology Acceptance Model 
(TAM) and Rogers adoption model on the one hand, and institutional theory on the other hand. This 
theory explains how new ideas, methods and products get adopted and later on institutionalized; how 
it becomes the norm. The antecedents of adoption of software to support the clinical trial process were 
captured in a theoretical framework. This was used to identify the factors influencing decisions made 
throughout the clinical trial process. In turn, this enabled the identification of critical design criteria, 
addressing the influencing adoption factors, which were translated into accompanying software 
requirements.   

In the second phase, the goal was to gain insight into the as-is situation, which was divided into two sub 
phases.  
Firstly, qualitative empirical research was conducted, to identify how the clinical trial process looks like, 
what tools are used throughout the process to manage data related to clinical trials and why, answering 
the first set of research questions.  
 
Data was collected from several sources focusing on three hospitals. Sources used were semi-structured 
interviews, observation, secondary archival sources. The selected cases are three clients of ChipSoft, 
actively involved in research and trials. To account for the fact that different departments within a 
hospital are involved in trials and thus use supporting software, different specialisms in different 
healthcare facilities were identified and involved. Two cases involved one specific specialism, one case 
involved a variety of specialisms, resulting in a variety of specialisms throughout the cases. 
The qualitative data was analyzed through business process modelling, more specifically the Business 
Process Modelling Notation (BPMN), the modelling language identified in the literature review.  
Data was analyzed per case, followed by a cross case analysis, through a detailed analysis of the 
differences and communalities. This resulted in a harmonized overview of the clinical trial process, 
including the tools used. Through this detailed analysis of the clinical trial process, some reasons for 
why certain tools are decided to be used were identified. Why decisions throughout the clinical trial 

Figure 1: Theoretical framework 
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process, like decisions regarding tools used, are taken, is further delved into by addressing adoption 
factors influencing decision making, as stated in the second research question. 
 
Secondly, a further analysis of the interviews through coding was executed, answering the second 
research question. The aim was to further identify the factors influencing decision making throughout 
the process. Themes were identified through using the theoretical framework from the literature review 
as a generic framework.  
 
The third phase focused on what the future situation should look like, moving towards a redesign. More 
specifically, results from the previous stages were combined with the aim to identify software 
functionalities to support all activities executed throughout the clinical trial process and to address the 
identified design criteria, considering the factors influencing the process. Once identified, the aim was 
to prioritize these functionalities. This answers the third set of research questions.  
 
Data resulting from the first three stages was combined with data resulting from a survey. In particular, 
a survey was sent to all healthcare facilities, clients of ChipSoft, actively involved in trial research and 
resulted in 23 respondents.  
The survey data was analyzed using descriptives and simple measures of association (e.g. Chi2) in 
statistical software SPSS.  
 
In the fourth phase, the executed research and accompanying results were translated into concrete 
recommendations for improving the software support of the clinical trial process, the future solution. 
In this way the last research question was answered.  

Conclusions and recommendations 

Literature review 

Literature review. In the first phase, the literature review yielded a better understanding of the clinical 
trial process and a comprehensive modelling language to model the complex clinical trial process. 
Business process modelling is a comprehensive way to understand complex business processes and the 
leading standard in this frame is the Business Process Modelling Notation (BPMN). 
Next it pointed to adoption models. Several were identified, including TAM and Rogers adoption model, 
and institutional theory. Whereas TAM and Rogers focus on the adoption process itself and its drivers, 
institutional theory also considers the context in which an innovation emerges and evolves. Informal 
and formal institutions (i.e. norms) can help or hinder the adoption of innovations.  
 
In the second phase the analysis of the as-is situation revealed the course of the clinical trial process and 
the factors influencing decision making. 

As-is situation 

The clinical trial process. The analysis of the clinical trial process, revealed the clinical trial process can 
roughly be divided into four phases: the approval phase, the preparation phase, the execution phase 
and the closing phase. This complex process was clearly presented in an integrated view of the process, 
through a detailed cross case analysis and development of a harmonized business process model. These 
business process models also reveal the tools used throughout the process, which is a combination of 
several databases and checklists. Choices for the tools used are mainly made by data managers. Since 
other stakeholders rely on their professionalism, they use the tools as decided on by data managers. In 
turn, coercive forces because of legal obligations require certain tools, like an eCRF, to be used and in 
this way also influence decisions made by data managers.  
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Factors influencing decision making. Through further analyzing the interviews with coding, results 
confirm healthcare providers operate in a strong institutional environment and decisions made 
throughout the process are heavily influenced by internal and external factors emerging from the 
institutional environment. More specifically, strict regulations, imposed by the government, influence 
the process through coercive forces. Also, perceived information security, resulting from strict rules 
around protecting patients and their data, influence choices made and measurements taken throughout 
the process. Besides this, choices made by data managers substantially influence the steps taken 
throughout the clinical trial process since their support is crucial throughout the process. In this way, 
normative forces also heavily influence the process since people rely on the professionalism of data 
managers. In turn, the choices data managers make are influenced by the stated coercive forces, trying 
to comply to them. Last, because of insufficient compatibility with fundamental design criteria, the 
software currently offered is not answering to the needs of healthcare providers. The identified design 
criteria are higher flexibility, enable the use of anonymized data, enable monitoring data access and 
study progress (with study statuses), in line with regulations, support separation experimental and 
regular care and enable easy communication with other solutions.   
Concluding, evaluation of the as-is situation proved the institutional environment healthcare providers 
operate in, is heavily influenced by institutional forces emerging from the environment. Because of 
insufficient compatibility the solution currently offered by ChipSoft is hardly being used and instead a 
combination of several databases is used to support data management throughout the process.   

Towards a redesign 

Software requirements. In the third phase, through combining results from the first and second phase, 
software functionalities were identified. More specifically, the harmonized business process model and 
identification of critical design criteria and factors influencing the process, enabled the identification of 
software functionalities.   
 
Results of the survey, developed in an iterative process based on continuously updating data, reveal the 
prioritization of these software functionalities. This led to a well-grounded redesign, presenting the 
critical software functionalities to be considered to fully support wishes of healthcare providers through 
each step of the clinical trial process, to address the factors influencing the process and decisions made 
and to comply to critical design criteria.  
In this way the redesigned solution enables the users to comply with legal obligations and internal forces 
imposed by data managers. Besides this, supporting legal obligations related to security, will positively 
influence perceived information security. The solution is in line with the identified design criteria, 
creating a favorable institutional environment in which adoption is stimulated.  The solution: 

 Is more flexible, also being able to communicate with other software solutions; 
 Enables the use of anonymized data; 
 Enables monitoring data access and study progress (with study statuses);  
 Is in line with strict regulations around clinical trials; 
 Supports the strict separation of experimental and regular care.  

Through the redesign, software functionalities were identified in an attempt to help improve the current 
software product. The focus was on improving the software solution of ChipSoft, but this advice is also 
useful for other suppliers of software to support the clinical trial data management. 

Recommendations 

Suggestions for improvement. Fourth, based on the results, opportunities for improvement and 
suggestions for redesign were presented to software developers in general and ChipSoft in particular, 
to enable them to improve their software product.   
The suggestion is to redesign the software as follows: 

- Make the solution support each step of the clinical trial process; 
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- Address the factors influencing the institutional environment;  
- Comply to the identified design criteria; 
- Include the functionalities which are of high importance to the intended user: overview studies, 

access to patient data, unique study code, capture eCRF, password, inclusion criteria, list of 
patients, study status, study file, monitor data access, access to anonymized data, capture ISF, 
log file, screen patients, amount of patients, indicate when required amount of patients is 
reached, planning and randomization.  

 
Through including these critical requirements in a software solution, the clinical trial process and needs 
of caregivers will be fully supported in one, comprehensive solution. In turn, this will lead to higher 
compatibility and supports compliance with legal obligations and internal forces imposed by data 
management, through addressing the critical design criteria. In this way adoption of the software 
solution is stimulated through the creation of a favorable institutional environment in which the needs 
of the clients are answered.  
 
The solution should be approached as a process of continuous improvement rather than a one-off 
project. A permanent practice should be established to continuously analyze the clinical trial process 
and the performance of the solution. When required, adjustments should be made to continue to 
respond to changing expectations of clients, the healthcare facilities involved in clinical trials. 
An additional recommendation is to use the developed business process model(s) as a communication 
base, since the concise process view can assist in illustrating the solution supports the entire clinical trial 
process. Also, the delivered information on the current level of maturity of the different healthcare 
facilities should be used as a base to determine the implementation strategy. It gives crucial information 
on the extent to which the facilities currently implemented software support throughout the clinical 
trial process.  

Discussion  

The research yields both an academic as a practical contribution.  
First, the academic contribution concerns an extension of existing scientific knowledge on the clinical 
trial process and factors influencing the adoption decision of software to support this process, through 
a practical case study. The research presents detailed business process models, mapping the clinical trial 
process and tools used throughout the process. Also, it identifies the factors influencing the adoption 
decision in the context of clinical trials.  
Besides this, the research contributes by presenting an iterative approach to analyze data on the 
adoption decision by a combination of thematic coding and business process modelling, gathering 
results in a more formal, objective manner. In this way it closed a gap in existing literature of the absence 
of such a formal method and further enriches this field of research. Last, the study adds to research on 
the comparison of business process models by presenting a structured approach towards identifying 
similarities and differences between highly complex business process models.  
 
In addition, the practical contribution is a solution to a business problem for software firms in general 
and ChipSoft in particular. Specific deliverables to the firm include an identification of the software 
requirements to support the clinical trial process and suggestions for redesign.  
Also, the presented model to identify software requirements can be applied more broadly by software 
companies who are attempting to configure a software solution for a healthcare facility.  
Besides this, the research presents a structured approach to analyze the differences and similarities 
between complex business process models. 
Last, the visualization of the clinical trial process can be used in the future as a communication base, for 
example during the implementation of the proposed software solution.  
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 INTRODUCTION 

1.1.   Research Setting 

According to “Zorgvisie ICT” Dutch hospitals are digitized at a higher level than hospitals in the rest of 
the world. Also the Health Consumer Powerhouse, who perform a yearly research to determine the best 
healthcare system in Europe, states the Dutch healthcare is the best in Europe (Nederlandse 
gezondheidszorg is weer de beste van Europa, 2015).  
 

Healthcare providers are under constant pressure to reduce costs while improving the quality of care, 
causing the sector to continuously improve. The way for these healthcare facilities to innovate is by 
executing research and setting up trials. In this way the facilities attempt to develop cures and increase 
the quality of life, but also decrease healthcare costs, i.e. come up with new, innovative ways of 
treatment (EPD, 2011). Clinical trials are the gold standard by which healthcare facilities innovate and 
are important and necessary processes within these facilities. These trials are the central mechanism in 
the production of medical knowledge. The work executed in these trials is dynamic and complex (Becker, 
Fischer, & Janiesch, 2007).  Part of this continuous improvement is the emerging trend of automating 
health records (EPD, 2011), evoking the need to integrate clinical trials into these fully integrated 
systems. 
However, there still isn’t a suitable solution, which is used to its full potential by caregivers, to automate 
the clinical trial process in the healthcare industry. This means the problem is there currently is not a 
suitable software solution, to fully support the clinical trial process and answer to the needs of healthcare 
providers.  
 
This situation is similar to the well-known gap between business and IT, in which the wishes of the 
business (client) are not always correctly translated into a suitable solution. This causes a gap between 
the conceptual ‘to-be’ business process model and the executable business process model (Turetken, 
2014) 1.   
This marks the importance of understanding what the clinical trial process looks like, the tools used to 
manage data and the factors influencing the choices made throughout the process. With this 
information the current situation can be evaluated and the usefulness of a solution to support the 
clinical trial process, can be enhanced. An integrated view of the clinical trial process was developed, 
with the purpose to design a software solution to fully support the process and present accompanying 
recommendations for improvement.  

1.2.  Research Questions 

Before knowing how the clinical trial process works and what resources are used, the process and tools 
used to manage data should be mapped. Also, a first understanding of why these tools are used should 
be gained. Understanding the business process is a core element in improvement initiatives. This 
explains the first set of research questions: 

(1a) What does the clinical trial process look like? 
(1b) What tools are used to manage data related to clinical trials and why? 

 
The second research question is aimed at better understanding what influenced the decisions made 
throughout the clinical trial process. Decisions may be affected by factors such as regulations and peer 

                                                           
1 1BMN05 Lecture 8, Business Process Management, Eindhoven University of Technology 
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pressure. These factors and resulting decisions may heavily determine the course of the process. Within 
this process, it is important to identify whether choices made are the same for the entire hospital or 
differ for each department. This explains the choice for healthcare facilities involved in the research: 
they were selected in such a way it was ensured different specialisms were involved.  

(2) Which adoption factors influence the decisions made throughout the clinical trial 
process? 

 
Then, resulting from the motives and course of the clinical trial process, requirements for software to 
support the clinical trial process need to be deducted. These requirements should support each step of 
the process, consider the factors influencing decision making and address the identified design criteria, 
as resulting from the first and second research question. These requirements then need to be presented 
to healthcare facilities with the goal to prioritize them, explaining the third set of research questions.  

(3a) What software requirements are necessary to support the clinical trial process?  
(3b) How important are these requirements to clients? 

 
Based on the results of the first three research questions, it was determined to what extent the software 
offered by ChipSoft is currently being used throughout the clinical trial process and concrete 
recommendations are given for improvement of software support for the clinical trial process.  

(4a) To what extent is the software of ChipSoft being used for support of the clinical trial process?  
(4b) What recommendations can be made for improvement?  

 
In line with these research questions, the research consisted of four phases. The first phase was aimed 
at better understanding the central research subjects, through a literature review on the clinical trial 
process, business process modelling and factors influencing adoption decision.  
In the second phase, qualitative empirical research aimed at the as-is situation; More specifically it 
aimed at both better understanding what the clinical trial process looks like, including the tools used to 
manage data, as to understand  the factors influencing the decisions made throughout the process. This 
is represented by the first and second research question.  
The third phase, aimed at moving towards a redesign, involves identifying the software requirements 
needed to support the clinical trial process, represented by the third research question.  
Finally, results were translated to recommendations for the software companies in general and the 
company at which the research is executed, ChipSoft, in particular. This addressed the fourth research 
question. 

1.3.  Company description 

The research is executed at a major player in this field, ChipSoft, currently leader in the market in 
automating health records in the Netherlands, making this company an excellent fit for the research 
setting.  
ChipSoft was founded in 1986 by a surgeon, from the felt need to make the care registration more 
efficient. Nowadays, ChipSoft offers a complete solution for record keeping, care management, care 
logistics, planning and eHealth to optimally support healthcare professionals and administrative staff in 
every healthcare facility during their work processes. These caregivers are supported by innovative 
solutions, e.g. decision support and graphic applications, to streamline care and ensure optimal patient 
safety. This solution is called HiX, Healthcare information X-change, a fully integrated healthcare 
information system (formerly called EZIS, but will be referred to as HiX for the consecutive part of the 
thesis). HiX includes fully integrated business intelligence solutions to optimally use all available data, to 
improve strategic and operational healthcare processes. HiX offers tools like dashboards and analysis to 
gain insight in key performance indicators, revenues, etc.  
 
Since ChipSoft develops innovate software to fully support caregivers and healthcare facilities, the 
clinical trial process is also an important process for them to consider and understand.  ChipSoft has 
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incorporated a software solution in their healthcare information system to support caregivers to enter 
data about trials in the system, analyze and manage it. However, healthcare providers only moderately 
use the solution currently offered. Different caregivers in different healthcare facilities execute different 
types of research which leads to different types of trails. They have different routines which more and 
less corroborate with the routines implemented in ChipSoft’s system. Also, lots of workarounds are 
being used. This represents both a threat and opportunity. There for, the intended payoff is to improve 
their software solution to support the clinical trial process.  

1.4.  Electronic health records 

The Dutch electronic health record market is continuously evolving. Healthcare facilities have higher 
demands with regards to the digital support of the care they deliver, including sharing information 
within a facility but also outside the facility with for example pharmacies. Not only with regards to care 
but also with regards to research, quality and finances. Strengthening this effect is the fact that 
healthcare facilities are obliged to provide insight  into their business, raising the need for a fully 
integrated electronic health record system (Ziekenhuizen zoeken massaal naar beter EPD/ZIS, 2014). All 
healthcare facilities in the Netherlands are currently investing, in one way or the other, in their 
electronic health record system. 
 
As stated in the previous section, ChipSoft is leading the market of healthcare information systems in 
the Netherlands. However, other players entered the market, offering electronic health record 
solutions. The biggest suppliers of electronic health records in the Netherlands, besides ChipSoft, are 
Epic and Siemens.  
Since regulations, and (resulting) needs are continuously changing, the accompanying solution in an 
electronic health record has to change along with it. To be able to do this, the model as presented in 
this research to gain insight into the underlying process, influencing factors and wishes of healthcare 
providers, should continuously be applied by software companies in attempts to configure a software 
solution in line with changed conditions. This means the model in this research is presented to ChipSoft 
for application in their system, however it can be used more broadly by other software companies.  

1.5.  Thesis Outline 

This master thesis is structured as follows. Chapter 2 describes the first phase of the research, a 
literature review to discuss the current state of affairs within the field of research in the central research 
subjects. The next chapter describes the methodology used to collect relevant data and to efficiently 
analyze the collected data for further interpretation, related to the as-is situation (phase 2) on the one 
hand and the future situation, towards a redesign, (phase 3) on the other hand. The fourth chapter 
describes the results of the data collection and analysis, following the same structure as the previous 
chapter, leading to an answer to the research questions. Chapter 5 revisits the research questions and 
describes concrete recommendations for improving software support of the clinical trial process, 
answering the fourth research question addressed in the fourth phase of the research. The thesis 
concludes with the sixth chapter, in which the results are discussed by explaining the implications of the 
research. In addition, it describes limitations and suggestions for future research on the subject.  

Figure 2: Thesis structure 
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 LITERATURE REVIEW 

This chapter discusses the first phase of the research. It sketches a theoretical background on the 
central research subjects, namely business processes, more specifically clinical trials, modelling these 
processes and adoption within this setting, discussing the current state of affairs within these areas.   

2.1.  Business Processes 

Since one of the research objectives is to analyze a business process, it’s necessary to have a better 
understanding in general of business processes.  
 
A business process can be defined as a set of activities with a structure which describes their logical 
order and dependence and whose objective is to produce a desired result. These processes can be seen 
as relationships between inputs and outputs, where inputs are transformed into outputs by a series of 
activities, which add value to inputs. (Aguilar-Savén, 2004). These processes are directed by business 
objectives and the business environment of a company (Becker, Fischer, & Janiesch, 2007). The 
processes are not always entirely contained within a single organizational unit, rather they can span 
several different organizations (Chinosi & Trombetta, 2012).  
 
A frequent element of many approaches to make organizations more efficient, is the concept of 
business processes. It’s considered to be one of the core elements to improve organizations’ 
performance (Helfert, 2009). This emphasizes the importance of understanding business processes in 
improvement initiatives and also in the current research. There for, it’s important to know more about 
the process underlying the software solution, central in the research, the clinical trial process, discussed 
in the next section. 

2.1.1. Clinical trial process 

Clinical trials, a specific kind of healthcare process, involve research using human volunteers 
(participants) and the overall intention is to gain medical knowledge; it is human subjects research. The 
Code of Federal Regulations (CFR) defines human subjects research as research when interaction or 
intervention with a living individual occurs or identifiable private information about the individual is 
obtained, in order to conduct a systematic investigation designed to develop or contribute to 
generalizable knowledge (Duke Office of Clinical Research: About Clinical Research, sd).  For healthcare 
facilities, clinical trials are the way to research new cures and new ways of treatment.  
 
Clinical trials are a central mechanism in the production of medical knowledge, the gold standard by 
which knowledge is evaluated. The work of clinical trials is complex. Multiple people with diverse 
interests work across multiple settings and simultaneously participate in them (DeBruin, Liaschenko, & 
Fisher, 2011). Clinical process decisions are made by interpreting patient specific data according to 
clinical knowledge (Becker, Fischer, & Janiesch, 2007). To understand the ethical concerns that arise 
from the work related to trials, it’s necessary to understand the work performed in the trials; understand 
the clinical trial process (DeBruin, Liaschenko, & Fisher, 2011).  This emphasizes the importance of a 
detailed analysis of the clinical trial process, to be able to efficiently support this process with the 
software delivered.  
 
While the aim of caregivers is to promote the well-being of patients, the main goal of all research is to 
gather knowledge (next to maybe also aiming to promote the well-being). In clinical trials human 
participants are used to help achieve the goal of gathering knowledge. This leads to an ethical conflict. 
On the one hand researchers must aim to use the participants for the ends of research, but they also 
must aim to ensure their human participants are treated ethically. Since an independent oversight of 
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the research is needed, researchers should not judge for themselves whether or not they treat the 
participants appropriately. The work of trials requires skills in judgment, sensitivity and the ability to 
handle the dynamics of interpersonal relationships and to manoeuvre complicated institutional 
contexts.  The above mentioned conflict cannot be resolved and must be managed by those involved in 
the work of trials and achieve a balance between production medical knowledge and the protection of 
human subjects (DeBruin, Liaschenko, & Fisher, 2011).  

2.1.2. Business Process Modelling  

Despite continuous advances in IT, organisations struggle to create value and improve their business 
processes (Dijkman, Vanderfeesten, & Reijers, 2014). A rich body of literature focuses on modelling 
business processes. Nowadays these processes are more complex, making it harder to correctly 
interpret and understand them. A comprehensive way to improve understanding of these complex 
business processes in improvement initiatives, is business process modelling (Dijkman, Vanderfeesten, 
& Reijers, 2014).   
 
Business process modelling is defined as the time period when manual and/or automated descriptions 
of a process are defined and/or modified electronically. Business process models are a helpful tool in 
analysing and improving business processes (Chinosi & Trombetta, 2012), by enabling a common 
understanding of these processes. Also, business process models are deployed to facilitate the 
development of software that supports business process, to further permit analysis and re-engineering 
or improvement of these processes (Aguilar-Savén, 2004). These models are more than just a graphical 
representation of complex processes, they should serve as a communication base. Business process 
models should be easy to understand by the target users and should contain an appropriate level of 
detail. Important criteria are system requirements, completeness, extensibility and the ability to 
represent security and exception handling (Rad, Benyoucef, & Kuziemsky, 2009).  
 
Healthcare, more specifically clinical trials, is comprised of complex processes, as described in the 
previous section, often involving multiple providers with different knowledge levels at different physical 
locations. To avoid errors and deficiencies within these complex processes, business process models 
could serve as a solution (Rad, Benyoucef, & Kuziemsky, 2009).  

2.1.2.1. Business Process Modelling Notation 

What’s left to know is what’s the appropriate modelling language to model these complex business 
processes in the healthcare industry.  Several streams of work exist in this field. In the last decades, the 
business process modelling notation became more important in the field of modelling complex business 
processes and related information management.  This is a strong language with respect to explanation 
power. 
 
Nowadays, the Business Process Modelling Notation (BPMN) is the leading standard in the frame of 
business processes and workflow modelling languages (Chinosi & Trombetta, 2012). It is a standard 
notation for capturing business processes. BPMN process models are composed of activity nodes, 
control nodes and message flows between processes (Dijkman, Dumas, & Ouyang, 2008). It provides a 
graphical notation in order to represent a business process as a Business Process Diagram (BPD). The 
modelling language evolved from the need for a modelling language for business processes which could 
be expressive and formal enough but also easy to understand by final users, not just by domain experts 
(Chinosi & Trombetta, 2012).  
The main purpose of BPMN models is to facilitate communication and support decision-making based 
on techniques such as cost analysis, scenario analysis, and simulation. But these models are also used 
as a basis for specifying software system requirements (Decker, Dijkman, Dumas, & Garcia-Banuelos, 
2010). A huge advantage of this modelling language is the fact that it’s readable even for those without 
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any knowledge of the notation (Kocbek, Jost, Hericko, & Polancic, 2015). In this way the modelling 
language decreases misinterpretations, which can lead to costly errors.  
The semantics used in the BPMN modelling language are discussed in the next section.  

2.1.3. The semantics 

A BPMN process consists of objects, sequence flows and message flows (Figure 3: Overview of BPMN ). 
It is composed of a set of BPMN processes which are related to each other via sub-process invocation 
activities or message flows.  
An object can be an event, activity or gateway. Two objects can be linked by a sequence flow and to 
capture interaction between processes message flows can be used. 

 
Figure 3: Overview of BPMN (Dijkman, Dumas, & Ouyang, 2008) 

 
Event. An event may trigger de start of a process (start event), the end of a process (end event) or may 
occur during a process (intermediate event). A message event can be used to send or receive a message, 
a timer event can be used a certain time instant has been reached and an error event indicates a fault 
or exception occurred during the process. 
 
An intermediate message, timer or error event attached to the boundary of an activity signals an 
exception. The occurrence of an activity will be interrupted upon the occurrence of an exception. The 
process execution along the normal sequence flow will switch to the execution flow.  
The message flow is used to show transmission of messages between interacting processes via 
communication actions. These two processes are located within two separate pools, which represent 
two participants. The message flow is graphically shown as a dashed line with an open arrowhead 
(Dijkman, Dumas, & Ouyang, 2008).   
 
Activity. An activity can be a task or a sub-process.  A task stands for work to be performed and there 
are seven types of tasks, namely service, receive, send, user, script, manual and reference. A sub-process 
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is  a compound activity. defined as a flow of other activities. A sub-process can be part of a process 
(embedded) or can be independent, meaning it can be called by different processes. Next, an activity 
can have additional attributes like looping and multiple instances (Dijkman, Dumas, & Ouyang, 2008).  
 
Gateway. A gateway is a routing construct. The parallel fork gateway (AND-split) creates concurrent 
flows, the parallel join gateway synchronizes concurrent flows (AND-join). The data-based XOR decision 
gateway selects one out of a set of mutually exclusive alternative flows, where the decision is based 
either on the process data (data-based, XOR-split) or an external event (event-based). The XOR merge 
gateway joins a set of mutually exclusive gateways into one flow (XOR join). The inclusive OR decision 
gateways (OR split) serve for selecting any number of branches among all outgoing flows (Dijkman, 
Dumas, & Ouyang, 2008).  
 
Pools and lanes. To illustrate a particular action or set of actions with a specific resource, pool and lane 
constructs are used. A pool represents a participant in the process. It can be a specific business entity 
or a more general business role. A lane is a sub-partition within a pool (Wohed, van der Aalst, Dumas, 
ter Hofstede, & Russell, 2006).  
 

 
Figure 4: Gateways (Wohed, van der Aalst, Dumas, ter Hofstede, & Russell, 2006) 
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2.2.  Adoption of Information Systems in the healthcare Industry 

With a better understanding of the clinical trial process and a way to model this complex process, the 
next step is to better understand what factors influence the adoption decision regarding information 
systems in the healthcare industry to support this process.  
 
According to Rebuge and Ferreira (2012) the healthcare environment and its underlying processes have 
peculiar characteristics regarding their degree of dynamism, complexity and multi-disciplinary nature. 
Healthcare organizations are constantly searching for ways in which they can enhance the “way things 
are done” to improve patient outcomes while controlling costs (Ramudhin, Chan, Benziane, & 
Mokadem, 2006). Over the past years, this constant pressure to innovate led hospitals to increase their 
digitization through electronic health record (EHR) systems. Along with this trend of emerging EHRs,  
research on adoption, implementation and evaluation of health information systems quickly grows 
(Angst & Agarwal, 2009; Holden & Karsh, 2010).   
 
This means, as a researcher, you are confronted with a choice among multiple models and theories to 
explain the adoption of information systems (Kishore & McLean, 2007; Wu & Lederer, 2009). One of the 
models to explain this phenomenon is the Technology Acceptance Model, aimed at technologies like 
information systems (Wu & Lederer, 2009).  This model, next to the popular DOI model of Rogers, has 
received most attention in literature on adoption and usage of IT innovations (Kishore & McLean, 2007).  
 
The main factors of the Technology Acceptance Model, which influence the behavioral intention, are 
perceived usefulness and perceived ease of use (Wu & Kuo, 2008). These factors are embedded in the 
socio-technical frame and crucial to consider when discussing innovations like information systems 
(Putnam & Kolko, 2010).  Also compatibility, originating from Roger’s DOI model but also applied in 
models like (extensions of) TAM, has a significant influence (Holden & Karsh, 2010; Kishore & McLean, 
2007).  
 
However, it has been proven a richer interpretation of adoption of IS in the healthcare industry, is 
possible by incorporating other constructs than the ones described by these most applied models 
(Venkatesh, Morris, & Davis, 2003; Yang, Lu, Gupta, & Cao, 2012). A richer interpretation of the adoption 
process is necessary, by combining constructs from several different theories and models.  
 
One of these constructs, is perceived information security. Security issues are important to consider 
when understanding the adoption of technologies which include information exchange (Angst & 
Agarwal, 2009). Users who feel sharing information is not secure, are less likely to intend to use the 
system through which information is shared (Trang, Ruch, & Kolbe, 2014). This is also affected by trust 
in the members who can access information in the system  and trust in the system (technology) itself 
(Trang, Ruch, & Kolbe, 2014; McKnight, Carter, Thatcher, & Clay, 2011). 
This information is even more privacy-sensitive in the healthcare industry. Electronic Health Records 
capture information about patients and make this information available to those who have permission 
to access it. This leads to concerns about privacy issues which may impede the diffusion of these systems 
(Angst & Agarwal, 2009). These concerns influence and are influenced by trust in the people who can 
access the information in the EHRs. This means perceived privacy and trust are important to consider in 
the attempt to understand the adoption of information systems in the healthcare industry. 
 
Another factor important to consider is the influence of contextual factors in the adoption process 
(Fisher & Price, 1992; Kroenung & Eckhardt, 2015). It’s proven the attitudes, leading to certain behavior 
as described by the TAM model, are strong in some environments and weak in others (Kroenung & 
Eckhardt, 2015). In what way the context influences adoption, is explained by the institutional theory. 
 



9 
 

The value of applying the institutional theory to understand the adoption of healthcare information 
systems is confirmed by the fact that the healthcare industry has been known to operate in a strong 
institutional environment, affected by government regulations (Bhakoo & Choi, 2013), which are even 
more apparent in the context of clinical trials.  
The healthcare industry is complex and such complex environments are driven by institutions existing 
in the industry (Gopal, Mukhopadhyay, & Krishnan, 2005). It is an industry in which caregivers are 
embedded in institutional networks and most medical practices are related to each other. Institutional 
forces resulting from these relationships are an important motivation in the adoption of electronic 
health records (Currie & Guah, 2007). The implementation of these information systems has been 
known to follow an institutional process (Bhakoo & Choi, 2013). Besides this, healthcare information 
systems are infused with institutional logics that embody organizational principles which describe how 
people carry out their work (Currie & Guah, 2007). 
 
Also, technical systems, like information systems, must be legitimated by the societies in which they 
operate in their attempt to meet socially constructed expectations (Oliver & Romm, 2002). This means 
the implementation of Information Systems (IS) is mediated by normative, regulative and cognitive 
institutional pressures. These institutionalization processes are fostered by a drive for legitimacy (Liang, 
Saraf, Hu, & Xue, 2007). 
 
Concluding, the institutional theory is a suitable one to complement and enrich theories like TAM to 
explain the adoption of information systems in the healthcare industry, and will be discussed into more 
detail in the next section. 

2.2.1.  The influence of the institutional context on adoption 

Useful for framing the research, is the study by Kostava and Roth (2002). They state a way to explain 
the emergence and acceptance of innovations and the diffusion of innovation over time, is the 
institutional theory. Institutional theory argues a practice or tool becomes institutionalized as it 
becomes viewed as legitimate and is adopted for legitimacy reasons and not necessarily for efficiency 
reasons. It has a social meaning, shaped by the institutional context (Kostova & Roth, 2002). Appendix 
A: Graphical representation of the Institutional Theory shows a graphical representation of the theory. 
The theory provides three key constructs, namely institutional logics, rationalised myths and 
isomorphism (Jensen, Kjaergaard, & Svejvig, 2009). 
 
Institutional logics are sets of material practices and symbolic constructions which shape rational and 
mindful behavior and which can be shaped and changed by individuals. These logics provide formal and 
informal rules of interaction and interpretation that guide and constrain decision makers (Currie & 
Guah, 2007). They seek to explain contradictory practices and beliefs integrated in institutions. Within 
an organization several, contradictory institutional logics may exist simultaneously. Over time, these 
logics may change and in turn this will influence how the institutionalization process takes place. When 
wanting to change something, it is key to change the prevalent institutional logic and install a new one 
(Wahid & Sein, 2013).  
 
Rationalised myths are also part of the institutional context and are often disguised as rational 
arguments which people use to maximize legitimacy and to increase resources and survival capabilities 
(Jensen, Kjaergaard, & Svejvig, 2009). These myths are not just a product of the organization but are 
generated by the wider social environment in which the organization operates (Rizzi, Ponte, & Bonifacio, 
2009). Organizations try to reach legitimacy by conforming to these myths and consequently, 
organizations within the same institutional context tend to become more similar, reaching structural 
similarity (Rizzi, Ponte, & Bonifacio, 2009; Jensen, Kjaergaard, & Svejvig, 2009) This means organizations  
derive their legitimacy from having structures that are seen as appropriate, making legitimacy closely 
tied to structure (Arndt & Bigelow, 2000). 
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The third construct, isomorphism, is discussed in the next section.  

2.2.1.1. The Influence of Institutional Forces 

Within the institutional context, there are several mechanisms through which organizations become 
similar, influencing the adoption response. A widely accepted idea is organizations become more similar 
as a result of isomorphism (Guler, Guillén, & Macpherson, 2002). This means organizations sharing the 
same environment will employ similar practices – they become “isomorphic” (Kostova & Roth, 2002).  
 
Isomorphism, the sharing of common norms and values (Breton, Lamothe, & Denis, 2014), occurs 
through three forces, namely coercive, mimetic and normative forces (Kostova & Roth, 2002; Liang, 
Saraf, Hu, & Xue, 2007; Breton, Lamothe, & Denis, 2014; DiMaggio & Powell, 1983). The isomorphic 
typology is analytic, which means the different types are not always empirically distinct (DiMaggio & 
Powell, 1983). Although the three effects can be distinguished conceptually, in reality they may operate 
simultaneously (Guler, Guillén, & Macpherson, 2002).  
 
Coercive forces are based on political influence and the problem of legitimacy (Gosain, 2004), imposed 
by a more powerful authority. They result from formal and informal pressures from organizations of 
which you are dependent and by cultural expectations of the society you function in (DiMaggio & Powell, 
1983). As predicted by resource-dependency and power theories, organizations which are dependent 
are more likely to adopt behavior patterns as imposed by the controlling organization (Guler, Guillén, & 
Macpherson, 2002). 
 
Mimetic forces are defined as forces driving organizations to respond to uncertainty by adopting 
patterns of other, successful examples (Kostova & Roth, 2002). Organizations model themselves after 
other organizations perceived to be legitimate, appropriate and socially acceptable, therefore this force 
is often associated with the bandwagon effect (Liang, Saraf, Hu, & Xue, 2007).  Mimetic forces can also 
occur through competitive imitation pressures, when firms learn each other how to become better at 
what they do or when organizations try to minimize the competitive risks (Guler, Guillén, & Macpherson, 
2002).   
 
Normative forces are based on what adoption patterns are considered to be appropriate in the 
environment, stemming primarily from professionalization. Professionalization can be defined as the 
struggle to define conditions and methods of your work, control production and establish a cognitive 
base and reach legitimacy for autonomy (DiMaggio & Powell, 1983). These normative forces compel 
organizations to adopt an innovation. This includes normative effects which have to do with formal 
training of employees. This formal training can increase the likelihood practices, consistent with the 
training, are adopted, because of these normative effects. Both formal training and professionalization 
create an institutional environment through shared social rules, in which people share a common 
understanding and knowledge base (Guler, Guillén, & Macpherson, 2002).  
 
Finally, these isomorphic forces result in achieving legitimacy in the environment and increasing chances 
of survival and success, becoming institutionalized and in this way shaping the institutional context 
(Kostova & Roth, 2002).  
 
These institutional pressures influence behaviors to varying degrees by providing people with more or 
less motivation to adopt these isomorphic behaviors (Breton, Lamothe, & Denis, 2014). Motivation for 
adoption comes from various sources. People are motivated towards coercive isomorphism when they 
want to avoid sanctions from a more powerful authority. Normative forces occur because of a respect 
for social expectations while mimetic forces result from the interest in imitating other people’s 
successful behavior. It is widely acknowledged organisational behavior occurs within this institutional 
context, shaped by isomorphic forces (Breton, Lamothe, & Denis, 2014). 
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Also important to consider, is institutional duality. This means people can be confronted with two 
distinct sets of isomorphic forces at the same time, for example in- and external pressures (Kostova & 
Roth, 2002). Institutional environments can internally influence organisations through the standards 
they develop, the logics they legitimate and the rules of social action they support. External influences 
on the institutional environments emerge through societal and regulatory pressures (Currie & Guah, 
2007). 
 
A favorable institutional environment should be pursued to achieve adoption. Such an environment 
contributes to the adoption response in a positive way through regulations, laws and rules which 
support or require (adoption of) the practice. Employees in a favorable environment will be better able 
to understand the practice and adopt it. In this environment trust is an important factor in stimulating 
implementation. It facilitates the exchange of knowledge and positively affects the level of 
internalization, which helps understanding the practice and developing values and beliefs consistent 
with the practice, in turn positively influencing adoption (Kostova & Roth, 2002). This is why managers 
must assess the institutional norms in the industry and adapt their system implementation plan 
accordingly (Gopal, Mukhopadhyay, & Krishnan, 2005). 

 Towards an integrated framework 

Concluding, the best way to understand the adoption decision regarding healthcare information 
systems is to include a wide variety of factors from different theories. Several adoption models were 
identified, including TAM and Rogers’ DOI, and the institutional theory. TAM and Rogers focus on the 
adoption process itself and its drives, while the institutional theory also considers the context in which 
an innovation emerges and evolves. Resulting from these models, are several factors which influence 
the adoption of software in the healthcare industry, more specifically the context of clinical trials. These 
factors influencing adoption emerge from different sources, also described as institutional duality. 
These factors were captured in a theoretical framework, presented below.  This framework was used as 
a generic framework to identify the factors influencing the decisions made throughout the clinical trial 
process.  In turn, this enabled the identification of what clients need, the critical design criteria. Last, 
these design criteria were translated into accompanying software requirements. 

 
Figure 5: The theoretical framework 
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 METHODOLOGY 

In this chapter the research methodology for the second and third phase of the study is discussed, which 
is a way to systematically solve the research problem. To do this in a structured manner, first the 
research framework which guided the research will be presented. Furthermore, this section will explain 
into more detail how answers for the stated research questions were found. Data was collected from 
several sources, including semi-structured interviews, survey, clinical trial documents and informal 
conversations. To structure the resulting mash of data, an appropriate data analysis method is 
discussed, resulting in a redesign. 

3.1.  Research framework 

Throughout this study, qualitative empirical research was conducted. First an analysis of the as-is 
situation, as described by the second phase of the research and next it focused on what the future 
situation, the redesign, should look like, as described by the third phase of the research. As presented 
in Figure 6: Methodology (Software Engineering Cycle), these phases can clearly be visualized by the 
software engineering cycle.  
More specifically, the second phase aims at a thorough evaluation of the as-is situation; This includes a 
detailed understanding of the clinical trial process, the tools used to support data management and why 
on the one hand and identifying the factors which influence the decisions made on the other hand. In 
this way, the first and second research question were answered.  
The results are critical input for the third phase of the research, in which the aim is to identify and 
prioritize software functionalities to be supported in the improved software solution, answering the 
third research question. Finally, based on results, suggestions for improvement are discussed in the 
fourth phase of the research, answering the fourth research question (presented in the fifth chapter).  

  
Figure 6: Methodology (Software Engineering Cycle) 

 
Data collection and analysis were conducted in an iterative process. Insights and findings from the 
second phase, the encoded interviews and business process models, served as an input for the third 
phase of the research, a survey which resulted in an overview of prioritized software functionalities. In 
this way, information resulting from different data collection and relating data analysis methods 
complemented and strengthened each other. The iterative approach allowed for the results from prior 
data analysis to be included in the further data collection process, which also allowed for further 
validation of the results throughout the research.  



13 
 

Throughout the study, the unit of analysis, the level at which the research is performed or the major 
entity being analyzed, is clinical trials, executed within healthcare facilities. The data analysis and 
collection methodology are discussed below.  

3.2.  The clinical trial process and factors influencing decision making 

3.2.1. Data collection 

The second phase of the research was aimed at gaining insight into the clinical trial process, the tools 
used to support data management and why. To further delve into the why question, adoption factors 
influencing decision making throughout the process were systematically addressed. To reach these 
goals, qualitative empirical research was executed. Through this explorative form of research, concepts 
can be developed more clearly, operational definitions can be defined and more information on the 
research problem can be collected (Blumberg, Cooper, & Schindler, 2011).  
Throughout the second phase, different data collection methods were combined, namely interviews, 
observations and secondary archival sources. Through triangulation, the use of multiple sources, 
information could be verified to increase the validity of what is observed (Blumberg, Cooper, & 
Schindler, 2011).  

3.2.1.1. Semi-structured interviews 

Purpose. First, through semi-structured interviews the different steps in the clinical trial process, the 
tools used to support the process and the factors influencing the decisions made were identified. This 
method is useful to address this quite wide-ranging problem area and enables an identification of the 
relevant issues. Before executing the interviews, some questions were prepared, but throughout the 
interviews some subjects were further elaborated on (Blumberg, Cooper, & Schindler, 2011).  
 
Design. The protocol used to guide the interviews, is presented in Appendix B: The interview protocol. 
The interview protocol included questions aimed at identifying the steps in the process and the tools 
used throughout the process. Besides this, the interview included questions which addressed the factors 
captured in the theoretical framework, to identify factors influencing decisions made throughout the 
process. More specifically, the antecedents of adoption, institutional factors and trust / perceived 
security were addressed.  
 
Respondents. The interviews were executed with key players within the clinical trial process in different 
hospitals, logically following from the unit of analysis. More specifically, cases for the interviews were 
selected in consultation with this company supervisor based on which facilities are most involved in 
research and clinical trials. Multiple cases were selected, to optimize the sample size trustworthiness, 
leading to more robust results (Blumberg, Cooper, & Schindler, 2011). This means different 
departments, involved in different specialisms, in different facilities were selected to be able to draw 
well substantiated conclusions about the clinical trial process and factors influencing decision making, 
ensuring sufficient diversity in the types of trials and generalizability of the results. In this way the fact 
that different departments within a hospital are involved in trials and thus use supporting software, was 
accounted for. Different perspectives on the clinical trial process were gained by interviewing people 
with different roles and responsibilities within the clinical trial process. The respondents were: 

Healthcare Facilities Respondents  Roles Specialisms 

LUMC rheumatology 
 
NKI- AVL 
Martini 

Marian Janson 
Jozé Krol 
Tony van de Velde 
Ellen Rusch 

Research Coordinator 
Data manager 
Database Administrator 
Scientific Employee at Scientific Institute 

One 
(rheumatology) 
One (cancer) 
Several 

Table 1: Respondents interviews 
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Procedure. The interviews were partly conducted in cooperation with the company supervisor, who was 
already more familiar with the selected customers and the clinical trial process and therefore could be 
considered a subject expert. Important is this data collection was the research was executed with an 
open mind, without (detailed) knowledge about the current software solution, to support the clinical 
trial process, in the healthcare information system to be able to make unprejudiced recommendations 
to the company, considering all possible solutions. This adds to the importance of a good exploration 
and is another reason for choosing qualitative research, more specifically semi-structured interviews.  
In a second round of interviews by phone, the results from the interviews could be validated and 
enriched. For these follow-up interviews the three cases interviewed before were approached and two 
of them agreed to participate. These interviews focused on validating the developed business process 
models and understanding and verifying the observed differences and communalities. 

3.2.1.2. Secondary archival sources  

Next to the semi-structured interviews, company and internal documents on trials were collected to get 
a first impression of clinical trials, the content and the process, to be able to execute the interviews well-
prepared. Through these documents, a preliminary understanding of the clinical trial process could be 
gained with the purpose to use this basic understanding of the process to map the process in the semi-
structured interviews. Also, some of the interviewees handed supporting documents containing 
information on the clinical trial process. These sources represent the secondary, archival sources. 

3.2.1.3. Observations 

Since the research was executed at ChipSoft, the biggest supplier of healthcare information systems in 
the Netherlands, additional information on the software, the company and internal processes was 
available. Information could be obtained through informal conversations and observations. This 
information could be used to make the case selection for the interviews. Also the presence of the 
company supervisor at the interviews and knowledge about the relating customers and the trial were 
an important source of information. Last, information was obtained through participation in several 
internal meetings, presentations and training sessions on the software and the company.  

3.2.2. Data analysis and interpretation 

In line with the goals of the second phase of the research, business process modelling for each case was 
used to map the clinical trial process and the tools used to support data management. Through a cross 
case analysis, an integrated view of the clinical trial process was developed. Also, this gave a first 
impression of why it’s decided to use certain tools. Next, coding was used to further analyze interview 
data to identify factors influencing the decision making throughout the clinical trial process. Throughout 
coding the interviews, the theoretical framework from the literature review was used as a generic 
framework. This gave further insight into why the process is executed in this way.  

3.2.2.1. Business Process Modeling 

Business process models, with Business Process Modelling Notation (BPMN), were made with an online 
business process modelling tool, Signavio. This tool allows for a clear visualization of the clinical trial 
process as executed by the healthcare facilities and was used for each of the three cases. This resulted 
in a collection of business process models representing the clinical trial process as executed by Martini, 
LUMC and NKI-AVL. Since BPMN allows for modelling sub processes, organized and concise business 
process models could be developed. 
 
Decision making moments have been modelled with the so-called happy flow technique. This happy flow 
represents the routine continuation of the process as a default scenario with no exceptional or error 
conditions (Leemans, Fahland, & van der Aalst, 2015; Khabbazi, Hasan, Sulaiman, & Shapi'i, 2013). A 
negative outcome of a decision, has been modelled as such an exceptional or error condition. 
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Through data objects, the tools used throughout the clinical trial process to manage data were 
modelled. In this way the business process models clearly show what databases and documents are 
used by whom at what moment. This means in this way it was also visualized if and when the solution 
offered by ChipSoft is used.  
The different stakeholders involved in the process are shown by pools, which are rectangles to group 
activities executed by each stakeholder. 
Concluding, the business process models with accompanying syntax clearly show the steps in the clinical 
trial process, the important decision making moments, the involved stakeholders and tools, and the 
factors influencing the process.  

3.2.2.2. Cross case analysis 

To find a generic part of the clinical trial process, a cross case analysis was executed. Currently, there is 
not a suitable software tool to automatically determine the equivalence and differences between 
complex business process models, developed with the Business Process Modelling Notation. Therefore, 
the cross case analysis was done manually but in a structured manner (as presented in Figure 7: 
Comparison Business Process Models). Since Martini is the case which delivered the most detailed 
information on the course of the clinical trial process, this case has been considered as the reference 
model.  

 
Figure 7: Comparison Business Process Models 

 
List activities. Lists of activities and accompanying resources could be easily exported from the business 
process modelling tool Signavio by the ‘reporting – document usage’ option. The lists of activities from 
the different healthcare facilities were placed in one table, to get a concise overview for determining 
equivalence. Also, involved resources and stakeholders were included in the table.  
 
Determine equivalence. For activities to be referred to as equivalent, two criteria have to be checked 
(Dijkman R. , 2007): 

1. The effect the units of work will have in the integrated process must be the same; 
2. The way in which the effect is achieved must be the same. 

 
Equivalent activities have been marked in a table which lists the activities executed by the three cases; 
LUMC, NKI-AVL and Martini. Fully equivalent activities were marked in blue, equivalent activities with a 
difference, as listed below, were marked in green. Last, equivalent activities which occur at different 
moments in the process were marked in red.  

 
List and classify differences. Corresponding to the strict requirement to determine equivalence, 
differences between models can be identified. These differences can be categorized into four broad 
categories, namely authorization differences, activity differences, control flow differences (Dijkman R. , 
2007) and resource differences.  
  
1. Authorization Differences. An authorization difference exists if an activity is assigned to different 

roles: this corresponds to different lanes in the business process models (Dijkman R. , 2007) 
a. Different Roles (1a). This difference occurs if an activity is assigned to one role in one process 

and another role in the other process. 
b. Single Role versus Collection of Roles (1b). An activity is assigned to a single role in one process 

and multiple roles in another process.  
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c. Different Collections of Roles (1c). This difference occurs if an activity is assigned to one 
collection of roles in one process and another collection of roles in the other process. 
 

2. Activity Differences. An activity difference exists if a unit of work represented by a certain activity or 
collection of activities in one process is represented by a different activity or collection of activities, 
or not at all, in another process (Dijkman R. , 2007).  
a. Skipped Activity (2a). A skipped activity means an activity exists in one process but no activity, 

representing an equivalent unit of work, exists in the other process.  
b. Interchanged Activity (2b). An activity exists in one process and an activity with the same effect, 

but achieved in a different way, exits in another process.  
c. Refined Activity (2c). This exists if an activity exists in one process, but an equivalent unit of work 

is represented by a collection of activities in another process.  
d. Corresponding Collections of Activities (2d). This means a collection of activities in one process 

is equivalent to a collection of activities in the other process, they represent an equivalent unit 
of work.  

e. Partly Corresponding Activities (2e). Two activities or collections of activities are partly 
equivalent if they partly represent the same unit of work and partly different units of work and 
it is not possible to re-arrange them into equivalent (collections of) activities.  

 
3. Control Flow Differences. A control flow difference exists when (collections of) activities in one 

process have different control-flow relations with each other than equivalent (collections of) 
activities in other processes (Dijkman R. , 2007). 
a. Different Dependencies (3a). The sets of activities on which activities from two processes 

depend differ.  
b. Additional Dependencies (3b). This is a special case of having different dependencies in which 

one set of activities includes the other.  
c. Activities occur at Different Moments in the Process (3c). A special case of having different 

dependencies in which sets of activities are disjoint.  
d. Iterative versus once-off Occurrence (3d). Another special case of different dependencies in 

which an activity is part of a loop in one process, while it is not in another process.  
e. Different Conditions for Occurrence (3e). The dependencies for two equivalent activities are the 

same, but the conditions for their occurrence differ.  
f. Automated Choice (3f). A choice is made manually in pone process and automatically in another 

process.  
g. Different start of the process (3g). One process allows activities to be performed from start 

while another process does not.  
 

4. Resource Differences. Similar activities use different resources in different processes. This fourth 
category was added to the categories discussed by Dijkman (2007).  
a. Input Differences (4a). Activities have the same effect, but different resources are used to reach 

this effect / to execute the activity. 
b. Output Differences (4b). Activities are equivalent, but result in different outputs (resources).  

 
These differences were mapped as follows. First, in the table which lists (equivalent) activities, a column 
was added to indicate the differences for every activity. Then, for every process, the differences were 
categorized based on the above described categories. The last step was to determine whether or not 
these differences were fundamental or could be regarded as no issue. 
 
Verify differences. To verify the observed differences, as a result from the structured classification of 
the differences, phone interviews were executed with Martini and NKI-AVL. During the interview, for 
each observed difference, the table below was used to structure the questions and the answers.  
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First, it was determined whether or not the observed differences comply with the real situation, in order 
to reveal the actual, fundamental differences.  
The second step was to determine how the difference could be resolved. Different options for resolution 
were available. Either the difference remained because the difference did not need to be considered in 
general, or it was resolved through considering the difference in the final, harmonized business process 
model. For example, a skipped activity might be fundamental and there for required to be added in the 
harmonized business process model. For differences that required additional information for a 
complete understanding, further consideration through the survey was required. The comment box (the 
row which states “comments”) was used to further explain the difference and chosen resolution. The 
table below was used to visualize the difference and resolution in a structured manner: 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 

Comments 

Table 2 : Difference and resolution 

 
Based on this elaborate cross case analysis of the business process models, a harmonized business 
process model was developed which served as the final base for the design of the survey. To develop 
this integrated view of the process, the business process model developed for Martini was used as the 
reference model. Next to this, the above described analysis of (fundamental) differences was input for 
this harmonized model. Through this process an integrated business process model was developed 
which describes the clinical trial process with the purpose to design a software solution to be used by 
all clients, supporting the entire clinical trial process. Also, it reveals the tools used throughout the 
process and why.  

3.2.2.3. Coding 

To further analyze the interview data, to elaborate on the why question by addressing the adoption 
factors, the data were coded and then tabulated, analyzed and interpreted. It is proven the grounded 
theory method is an appropriate research methodology to use in IS research. Central in this 
methodology is coding, which is the analytic process through which data are fractured, conceptualized 
and integrated to form theory  (Matavire & Brown, 2013).   
The thematic elaboration to identify factors influencing decision making throughout the clinical trial 
process, was executed in an iterative process, based on subjects which were clearly apparent in all 
interviews and in this way proving a common pattern. To identify the themes emerging throughout the 
interviews, the theoretical framework from the literature review was used as a generic framework. Since 
the interview questions addressed the factors from the framework, the resulting themes were linked to 
the framework.  
 
First open coding was used to identify relevant categories and concepts, analysing the gathered data. 
Through manual coding, themes were identified based on the interview reports. Similarities and 
differences within data were found, yielding discrete concepts. Since the interview protocol addressed 
the factors of the theoretical framework, all though in practice these factors weren’t all addressed as 
systematically as intended, this did yield data which is in line with the framework.  
Then, codes were grouped and checked in several iterations, also referred to as axial coding. It helped 
to integrate structure and process. In this way, through several iterations, themes were identified 
related to the constructs discussed in the theoretical framework. The coding proceeded until theoretical 
saturation was achieved, by selecting a core (Matavire & Brown, 2013).   
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3.2.3. Validation of data 

To validate the information gathered with the interviews, an interview report was sent to the 
respondents for review, offering them the option for correction when needed. In this way it was 
validated whether the information, written down during the interviews, was correct, including the 
information to determine the factors influencing decision making throughout the clinical trial process 
and information to determine the steps taken in the clinical trial process. 
The business process models, developed based on these interview data, were validated in three ways. 
Firstly, the software used, Signavio, automatically checks the best practice rules to make sure the 
models comply with the business process modelling rules. Next to this, feedback on the models was 
gained from Pieter van Gorp, who is an expert in the field of business process modelling through the 
Business Process Modelling Notation. Also, during the second round of interviews with two healthcare 
facilities, the business process models and the observed differences have been discussed and validated. 
In this way it was validated whether the models made, based on the data collected in the interviews, 
were correct.  

3.3.  Software requirements in a redesign 

3.3.1. Data collection 

The third phase focuses on identifying the software requirements needed to fully support the process 
and the prioritization of these requirements. To reach these goals, a digital survey was designed. In this 
way recommendations could be made for improving the software support of the clinical trial process, 
the future solution. 

3.3.1.1. Survey 

With the results from the interviews executed in the second phase, the integrated view of the clinical 
trial process, the design criteria and the factors influencing decision making, software requirements 
needed to fully support the clinical trial process could be identified.  
 
Purpose. The second phase revealed the solution currently offered to support the clinical trial process 
is not compatible with critical design criteria and does not sufficiently support the process and factors, 
emerging from the institutional environment, which influence decision making. This gave rise to the aim 
to identify critical software requirements to sufficiently support the process and needs of caregivers, 
reaching higher compatibility. Based on this information, a survey was designed to gather more specific 
information on the software requirement and the prioritization of these requirements and in this way 
understanding the reasons for non-adoption of the current software solution. Results are translated to 
a redesign. 
 
Design. First, to confirm the course of a specific part of the clinical trial process (the sub process study 
approval), a question was included to identify the types of clinical trials executed by the responding 
facility. The different types of clinical trials were identified, based on the executed interviews, and 
included as possibilities in a multiple response question (since several types of clinical trials can be 
executed within one facility). 
 
The software requirements included in the survey, were based on the thorough analysis of the business 
process models, the identification of design criteria and the identification of the factors influencing 
decision making in the previous phases of the research. The harmonized business process model, which 
presents an integrated view of the clinical trial process, enabled the identification of software 
requirements to support each step of the process. Since the purpose of this phase is to give concrete 
recommendations on the design of a software solution to be used by all clients, the entire clinical trial 
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process has to be supported by this software solution. Also, the thorough analysis of the themes, 
identified through coding the interviews based on the framework, served as fundamental input. It 
revealed the functionalities to be included to create a more favorable institutional environment. In this 
way, the factors influencing decision making are considered through the inclusion of software 
requirements. 
For example, the software requirement ‘capture (e)CRF’ was included to support the preparation of a 
study (part of the process), and to create a more favorable institutional environment since it supports 
people to comply to the legal obligation to capture information in an (e)CRF (mitigate coercive forces), 
data managers do not have to create an (e)CRF anymore (mitigate normative forces) and it answers to 
the design criteria of the solution to be in line with legal obligations and to be flexible enough to 
communicate with other applications (overall higher compatibility). 
The exact reason for why each of the questions was included is presented in Appendix I: Survey design. 
The list of functionalities included in the survey was discussed with the software developers who will 
design the software solution, before publishing the survey, to validate the functionalities included.   
 
To reach prioritization of software requirements, which has long been established to be a crucial step 
in making software systems to be acceptable by users, the MOSCOW framework was used. MOSCOW 
stands for Must have (score 4), Should have (score 3), Could have (score 2), Won’t have (score 1). In this 
way it is determined which requirements are absolutely required and which requirements are part of 
some kind of wish list and not needed to be implemented right away (Achimugu, Selamat, & Ibrahim, 
2014). Through this framework the categories for the survey question were determined.  Overall, must 
haves are functionalities that must be included before the solution can be implemented, should haves 
are not critical before implementation, but are of high importance to the user. Could haves are 
functionalities that are nice to have and should only be included if available resources allow for them to 
be included. Won’t haves could be included in a future phase of development, but don’t have to be 
considered at this moment. This is why the MOSCOW framework has been included in the survey, in a 
categorized question, as a tool to prioritize the software functionalities.  
 
To further support the information gathered, questions on whether or not certain software 
functionalities are currently being used to support data management of the clinical trial process, were 
included. In this way insight was gained into the support currently being used, through dichotomous 
multiple choice questions.  
 
Since organizations may differ in terms of their ability to use systematic process thinking, the business 
process maturity model was included in the survey. Through questions on maturity, it was researched 
to what extent a healthcare facility has explicitly and consistently deployed processes that are 
documented, managed, measured, controlled and continuously improved. Practically this means 
information is gained on the extent to which healthcare facilities currently implemented software 
support throughout the clinical trial process / care processes. This is important information to be used 
in improving organizations through the implementation of a new software solution. It will be critical 
input for this improvement initiative. The levels of maturity are (Turetken, 2014) 2: 

1. Processes are ad-hoc, undefined and unpredictable; 
2. A few core processes are defined at the local level (at the department/project level); 
3. Most of the processes are defined; 
4. Detailed measures of the process and product quality are collected; 
5. Processes are continuously improved to reach changing business objectives. 

The different levels of maturity were translated into answering possibilities in a multiple choice question.  
 
As requested by ChipSoft, to further support software developers, open-ended questions related to what 
databases currently are used to handle certain activities were included in the survey. Through their 

                                                           
2 1BMN05 Lecture 9, Business Process Management, Eindhoven University of Technology 
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knowledge on the architecture and technical approach used by the systems, this information gives them 
concrete insight on how to include functionalities in the software solution. These open-ended questions 
could not be manipulated through statistical analysis. However, these questions fall outside the scope 
of this research, since they were only included as additional information for the software developers. 
The resulting survey, is presented in Appendix H: Survey.  
 
Respondents. Respondents were selected through using ChipSoft’s healthcare information system 
users. Because ChipSoft is a market leader these healthcare facilities sufficiently represent the 
population of healthcare facilities actively involved in clinical trials. Using web research, healthcare 
facilities not involved in clinical trial research were filtered out. Second, all remaining healthcare facilities 
were approached by telephone to gather relevant contact information of employees involved in clinical 
trial research. More specifically, through the general phone number, healthcare facilities were 
approached. A short explanation of the research goal and respondents needed was given and it was 
asked to be connected to the suitable department (the clinical trial department, mainly data managers). 
Through them, relevant email addresses were collected.  
 
Of the total remaining sampling frame from 35 facilities, for 25 contact info was obtained. Of these, 23 
people from 9 facilities responded to the survey, making for a net response of 36% (or 32% excluding 
the ‘unknown’ healthcare facility). One respondent did not fill in any question and was removed from 
the dataset. The distribution of participants in healthcare facilities and functions is as follows; The 
respondents are from 9 different healthcare facilities (including unknown) and involved in 9 different 
functions (specialisms). From the 23 respondents, 11 respondents are from the same healthcare facility 
(NKI-AVL), comprising 47,8% of the total population. The remaining part of the respondents is divided 
(quite) equally over 7 healthcare facilities (Catharina, LUMC, UMCU, Maastro, Martini, HAGA, DZ, 
unknown healthcare facility). 

Healthcare facility Number of 
respondents 

Function Number of 
respondents 

NKI-AVL 11* Data management  4* 
Research coordinator 3* 
Scientific bureau 2 
Project manager 1 
Clinical Research Associate (CRA) 1 
Monitor 2* 

Catharina 1* Principal investigator 1* 
Data management 1* 
Scientific bureau 1* 

LUMC 1 Research coordinator 1 
UMCU 3 Data management 1 

Research coordinator 1 
Project manager 1 

Maastro 1 Research coordinator 1 
Martini 1 Scientific bureau 1 
HAGA 1 Data management 1 
DZ 1 Information analyst 1 
Unknown 
 

3 Data management 2 
Statistics 1 

Table 3: Respondents Survey 

* both at NKI-AVL and at Catharina 1 respondent used the ‘other’ option to indicate their function was a 
combination of three roles. This explains the differences in the number of respondents per healthcare facility 
and per function.  
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Procedure. The survey has been published through Google Drive.  Respondents received the survey by 
email, with a short explanation of the research and a link to the survey. Since participants could be 
approached through email, the sample accessibility was high (Blumberg, Cooper, & Schindler, 2011).  
Non-response error was reduced through sending a reminder after a week, setting a deadline for filling 
in the survey and to offering an incentive, a power bank, to the initial 50 respondents.  

3.3.2. Data analysis and interpretation 

In line with the goal of the third phase, statistical analyzes were executed to handle the survey data to 
gain insight into the importance of several software functionalities. 
To further detail the recommendations on how to implement the proposed software solution, also 
information on the maturity of the responding facilities was obtained through statistical analysis.  

3.3.2.1. Statistical Analysis 

The survey was analyzed using SPSS software. As described in the survey design, the survey consisted 
of (dichotomous) multiple choice, multiple response and categorized questions. These types of 
questions allow for specific types of statistical analyses, discussed below.  
 
Before being able to perform the required statistical analyses, the dataset had to be prepared. Google 
Drive, used to publish the survey, supported exporting the results to Excel. The resulting dataset, 
which was recoded in Excel, was imported into SPSS for analysis. Three types of missing values were 
identified to represent the responses ‘no opinion’, ‘not applicable’ and ‘question not answered’. Not 
applicable was used for the missing values as a result of respondents skipping sections based on their 
answer to previous question(s). No opinion occurred because of respondents choosing this option in 
multiple choice / multiple response questions.   
 
Since 47,8% of the respondents are from the same healthcare facility, NKI-AVL, it was explored whether 
prioritization of software functionalities significantly changed without any respondents of NKI-AVL 
included in the population and without half of the respondents of NKI-AVL included in the population.  
Overall, the trend remained the same after adjusting the dataset. The only significant change was in the 
overall distribution in the categories available to indicate the maturity of the healthcare facilities. This 
led to adding an analysis which yields the maturity of each healthcare facility separately.  
 
To determine what types of trials are executed in different healthcare facilities, a frequency table was 
created of the types of trials. To be able to get a clear, concise overview, the different variables related 
to the type of trial, were grouped through defining a multiple response set.  This resulted in the multiple 
response set type of trial, grouping 8 dichotomous variables which each indicate a specific type of trial. 
 
Next, to determine the priority of several software requirements, a frequency table was created for each 
software requirement, based on the categories included in the question. To enable a quick impression 
of the most important functionalities, histograms and tables representing statistics (including a mean 
score) have been created of each functionality. To research if the prioritization of software 
functionalities differs among data management and other functions, the file has been split on ‘data 
management’.   
 
To determine whether or not several software requirements were currently being used, a frequency 
table was created to gain insight into the percentage using a software requirement and the percentage 
not using a software requirement.   
 
Last, to understand if the use of a software requirements means the respondent also finds this 
requirement important, simple measures of association were used. More specifically, a chi-square test 
for goodness of fit (with α=0.05) and cross tabulation test was used to test the hypothesis that there is 
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no difference in how important several software functionalities are for users and non-users of these 
functionalities. 
 
In this way, through a combination of frequency analyses, graphs, cross tabulation and chi square 
analyses, insight could be gained into the prioritization of several software functionalities through the 
MOSCOW framework and the functionalities currently used. Also, through splitting the file based on the 
function Data Management, it could be identified whether results substantially differed for data 
managers and other stakeholders, involved in the clinical trial process.  

3.3.3. Validation of data 

The content of the survey has been validated through feedback from the company supervisor, software 
developers responsible for the development of the software solution (subject experts) and the 
marketing department of ChipSoft (communication experts).  
Finally, the survey results on the prioritization of software requirements have been validated through 
discussion with software developers (subject experts), confirming whether their ideas based on 
experience are in line with conclusions based on survey results.  
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 DATA ANALYSIS AND RESULTS  

In line with the previous chapter, this chapter describes the accompanying data analaysis and results 
for the second and third phase of the research. The second phase attempts to answer the first two 
research questions on the stages in the clinical trial proces and the factors influencing decision making. 
The third phase attempts to come up with the critical requirements to fully support the clinical trial 
process with a comprehensive software solution, answering the third research question. Data analysis 
and results are discussed accordingly. To answer the fourth research questions, these findings are 
translated to concrete recommendations for improving software support, presented in chapter 5.   

4.1.  The clinical trial process and factors influencing decision making 

As explained in the previous section, the interviews with Martini, LUMC and NKI-AVL have first been 
analyzed through business process modeling, to gain insight into the clinical trial process, what tools are 
used throughout the process and why. Second, the interviews were analyzed through coding, to gain 
further insight into the factors influencing decision making. Results are discussed below.  

4.1.1. The clinical trial process 

For all cases, an overview business process model of the clinical trial process was made, including sub 
processes. Together, these business process models fully reflect the clinical trial process, as executed 
by LUMC, NKI-AVL and Martini, and the tools used throughout the process. Below, the clinical trial 
process for each case is presented and explained. A complete overview of the models, including sub 
processes (indicated by a ‘+’) is presented in Appendix D: Business Process Models. 

4.1.1.1. LUMC 

At LUMC rheumatology, a variety of clinical trials related to rheumatology are executed. Distinction can 
be made between WMO and not WMO research. Within a year, about 250 of medication trials are 
executed (and even more WMO studies). At LUMC rheumatology all clinical trials are coordinated by a 
research coordinator, who is part of the Scientific Committee. The clinical trial process, as executed by 
LUMC rheumatology, is presented in Figure 8: Clinical trial process LUMC.   
 
An overview of the open clinical trials in LUMC is continuously updated through an application available 
through intranet (lumc.org). Patient data is updated and available through a monitoring database, more 
specifically ACCESS. This database is also used to update anonymized data, in addition to either PROMISe 
or CASTOR. LUMC participates in a national research cooperation called Parelsnoer, in which 8 university 
medical centers are involved. For this specific type of research, data is processed through EZIS 
(ChipSoft). Also, study statuses are continuously updated through EZIS. As obliged by law, clinical data 
is also saved in a study specific application called a case report form.  
 
Data available through these databases, and the design of these database, is part of the responsibilities 
of data managers. At LUMC, data is managed by 2 employees, who are supported for the execution of 
standard, routine activities by students.  
 
The clinical trial process at LUMC starts with a draft study protocol. Before the final study protocol is 
developed, first a draft protocol has to be approved. For study approval, a distinction is made between 
WMO and not WMO trials, since they require different parties to give their approval. WMO trials require 
approval of a recognized METC (central approval committee) and the board of directors. For not WMO 
trials, no different course of the process is elaborated on by LUMC. Once approved, the start of the 
study is prepared. This means sufficient database support is ensured by data managers. Then, patients 
can be included and treatment can start. The amount of patients is continuously updated and monitored 
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through ACCESS. Once the inclusion is completed, the METC is informed about the closure of the study 
and the clinical trial ends.  
 
Throughout the process, study statuses are updated through EZIS or on paper. The study statuses used 
are ‘explicit permission’ and ‘closed’, respectively indicating a patient gave permission for inclusion and 
the closure of the clinical trial. This means the progress of the clinical trial is monitored through these 
two study statuses, not representing a high level of detail for monitoring progress.  
Also, throughout the process paper checklists are used to support managing information. For example, 
a paper checklist is used by the research coordinator to make sure the required documents are collected 
to enable approval of the study protocol. Because is lot is being registered on paper and in physical 
folders, in combination with the limited use of study statuses, it is hard to monitor clinical trials and 
know exactly for each clinical trial in what phase it is.  
 
 
 
 
 



25 
 

 
Figure 8: Clinical trial process LUMC 
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4.1.1.2. NKI-AVL 

At NKI-AVL, diverse clinical trials related to cancer are performed. Also in this case a distinction is made 
between WMO research and not WMO research. The Scientific Administration supports the entire  
clinical trial process. Part of this Scientific Administration is the trial bureau, which delivers 
administrative support throughout the clinical trial process. The clinical trial process, as executed by 
NKI-AVL, is presented in Figure 9: Clinical trial process NKI-AVL.   
 
An overview of the open clinical trials in NKI-AVL is continuously updated through an application 
available through intranet (TRION). Patient data is updated and available through a monitoring 
database, more specifically TRIMIS. Anonymized data can be updated and accessed through TRION, the 
same database  as the one used to update the overview of clinical trials. As obliged by law, clinical data 
is also saved in a study specific application called a case report form. NKI-AVL does not use EZIS 
throughout the clinical trial process.  
 
Data available through these databases, and the design of these database, is part of the responsibilities 
of data managers. To manage data, NKI-AVL has a comprehensive sub department for data 
management, which is part of the scientific administration.  
 
The clinical trial process at NKI-AVL starts with a study protocol, which has to be approved before the 
process can continue. For study approval, a distinction is made between WMO and not WMO trials, 
since they require different parties to give their approval. WMO trials require approval of a recognized 
METC (central approval committee) and the board of directors. For not WMO trials, the approval of 
board of directors is required. Once approved, the start of the study is prepared. This means sufficient 
database support is ensured by data managers and a unique study code is created, used for internal 
communication about the clinical trial. In this way all information related to a clinical trial can be traced 
back to this clinical trial. Once prepared, patients can be included and treatment can start. The amount 
of patients is continuously updated and monitored based on information in the study protocol. When 
inclusion is completed, the completeness of data is checked and when needed data is updated by data 
managers. They also copy data for analysis and execute the data analysis. Then a final report is written 
by the researcher and when needed an article for publication is written, based on the results of the data 
analysis. When this is completed, the study is completed and  clinical trial ends.  
 
Throughout the process, study statuses are updated through TRIMIS. The study statuses used are 
‘Pending’, ‘Open’, ‘Suspended’, ‘Closed’ and ‘Completed’. These respectively indicate a study protocol 
has been submitted for approval, a study has been approved and is open for inclusion, a study has been 
suspended for whatever reason, inclusion is finished and the entire clinical trial is finished (including a 
final report). This means the progress of the clinical trial is monitored through these five study statuses, 
representing a high level of detail for monitoring progress.  
Also, throughout the process some paper checklists are used to support managing information. For 
example, a paper checklist is used to check if a patient complies with the eligibility criteria of a specific 
clinical trial. However, to monitor trial progress, databases are used to update study statuses. 
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Figure 9: Clinical trial process NKI-AVL 
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4.1.1.3. Martini 

At the Martini hospital a huge variety of clinical trials is executed, for example trials related to pediatrics 
and breast cancer. Overall a distinction can be made between WMO research and not WMO research. 
Throughout the years, more rules and laws around human research were established, which made it  
harder for doctors and researchers to set up clinical trials. This led to the establishment of the Scientific 
Institute at the Martini hospital. This Institute supports setting up clinical trials in all ways. The clinical 
trial process, as executed by Martini, is presented in Figure 10: Clinical trial process Martini.  
 
An overview of the open clinical trials in Martini is continuously updated through an application available 
through intranet. Patient data is updated and available through a monitoring database, more specifically 
Research Manager. To enter patient data, a key is necessary. This database is also used to update 
anonymized data. As obliged by law, clinical data is also saved in a study specific application called a 
case report form. Martini only uses EZIS to create a study code, when needed.  
 
Data available through these databases, and the design of these database, is part of the responsibilities 
of data managers. At Martini, managing data is one of the responsibilities of the coordinators of the 
scientific institute. Next to this, Martini has a specialized statistician responsible for the final data 
analysis.   
 
The clinical trial process at Martini starts with a study protocol, which has to be approved before the 
process can continue. For study approval, a distinction is made between WMO and not WMO trials, 
since they require different parties to give their approval. WMO trials require approval of a recognized 
METC (central approval committee) and the board of directors. For not WMO trials, the approval of 
MEC, an internal advisory committee, is required. Once approved, the start of the study is prepared. 
This means sufficient database support is ensured by data managers and a unique study code and study 
number are created. The study code is used for requesting operations for clinical trials, to make sure an 
overview can be made of the operations specifically executed for a clinical trial (ensuring a separation 
between regular and experimental care). The study number is used to make sure all information related 
to a specific clinical trial can be traced back to a clinical trial. Once prepared, patients can be included 
and treatment can start. The amount of patients is continuously updated and monitored through a 
patient list, updated in an investigator site file (ISF). When inclusion is completed, the databases are 
closed by data managers. They also copy data for analysis and execute the data analysis. When needed, 
a final report and an article for publication is written by the researcher, based on the results of the data 
analysis. When this is completed, the study is completed and the clinical trial ends.  
 
Throughout the process, study statuses are updated through Research Manager. The study statuses 
used are ‘Pending’, ‘Registration’, ‘Approved’, ‘Open’, ‘Follow-up’ and ‘Closed’. These respectively 
indicate a study protocol has been submitted for approval, a study is currently being approved, a study 
has been approved, a study is open for inclusion, inclusion is finished and the entire clinical trial is 
finished (including a final report). This means the progress of the clinical trial is monitored through these 
six study statuses, representing a high level of detail for monitoring progress.  
Also, throughout the process some paper checklists are used to support managing information. For 
example, a paper checklist is used to write the study protocol for not WMO trials (this checklist was 
developed by Martini). However, to monitor trial progress, databases are used to update study 
statuses. 



29 
 

 
 

 
Figure 10: Clinical trial process Martini 

 



30 
 

4.1.1.4. Cross case analysis 

Once the business process models were developed for each case, they could be compared through a 
thorough cross case analysis, identifying differences and communalities. Because of the big amount of 
data, resulting in a big amount of results, below only a condensed version of the results is presented. 
The full overview is presented in the appendix.  
 
Equivalence. First, as presented in Table 4: Communalities and differences (trial process), the three 
cases have a big generic part in the course of the clinical trial process. The table below presents the 
equivalence throughout the overall clinical trial process, excluding sub processes. It presents the 
activities performed by each case, and the involved resources and stakeholders. Fully equivalent 
activities were marked in blue, equivalent activities with a resource or role difference, as listed below, 
were marked in green. Last, equivalent activities which occur at different moments in the process were 
marked in red.  
The complete overview of the equivalence between the business process models, including sub 
processes, is presented in Appendix E: Business process model comparison. 
 
Overall, all cases start the process with a trial idea which is elaborated on in a study protocol. This 
protocol has to be approved by the required approval committees, either as required by law or as a 
consequence of the internal policy used, depending on the type of clinical trial (WMO / not WMO). The 
approval can result in the clinical trial being rejected, which means the end of the clinical trial. If 
approved, the process continues with the preparation of the study by data management. Then, inclusion 
and treatment can start. This continues until the required amount of patients is reached. Once inclusion 
is finished, a trial report is written and the clinical trial ends.  
 
Throughout the entire process, the strict monitoring of study progress is supported by study statuses, 
updating information in study files and updating the trial overview. These measurements are taken to 
further ensure compliance to legal obligations. However, the level of detail in monitoring progress 
differs.  
Through the data objects, representing resources used, the business process models also show the 
clinical trial process, is not sufficiently supported by the solution offered by ChipSoft (hardly any use of 
HiX). 
 
It clearly shows the whole clinical trial process is mainly supported by data management and/or a 
scientific department. Information related to clinical trials is continuously updated in trial related 
databases. Data management continuously supports the process when needed; they ensure suitable 
databases are available for each clinical trial, adaptions are made when needed and data is extracted 
for analysis to finalize the clinical trial. Because of people attempting to reach legitimacy, they perform 
activities in a certain way to comply to the decisions made by data managers.  
Also, coercive forces, because of laws obliging healthcare facilities to perform certain activities 
throughout the clinical trial process, cause a large set of activities to be executed by all healthcare 
facilities involved in clinical trials. In turn, these legal obligations influence choices made by data 
managers. It also causes people to be more hesitant towards entering patient sensitive information, 
which needs to be protected strictly because of legislation, in databases. This begins to explain why 
decisions, regarding the tools used throughout the process, are taken. How this shows throughout the 
process, is discussed in the explanation of the harmonized process model. To further delve into this, the 
next section addresses the adoption factors influencing decision making, including the decision 
regarding tools used. 
Because of these informal and formal norms emerging within the healthcare facilities, a big generic part 
could be identified.  
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Differences LUMC (case 1) Role Resources Martini  (case 2) Role Resource
s 

NKI-AVL (case 3) Role Resources 

 Trial idea PI START Trial idea PI START Trial idea PI START 

2a Submit draft protocol for 
approval – draft protocol 
approval (+) 

PI, SC Draft 
protocol 
(I, O) 

 
 

     

3g Submit protocol for 
approval 

PI Protocol 
(O) 

Submit protocol 
for approval 

PI Protocol 
(O) 

Submit protocol for 
approval 

PI Protocol (O) 

2a Sponsor approval  (+) SC Draft 
protocol 
(O) 

      

1a Receive protocol SC Protocol 
(I) 

Receive 
protocol 

SI Protocol 
(I) 

Receive protocol SA Protocol (I) 

2a       Create unique study 
code 

SA TRIMIS (DB) 

1a, 2a, 4a    Update study 
status to 
Pending 

SI Research 
Manager 
(DB) 

Update study status 
to Pending 

DM TRIMIS (DB) 

1a Study approval (+) AC  Study approval 
(+) 

SI  Study approval (+) AC  

1a Trial aborted SC END Trial aborted SI END Trial aborted PI END 

1a Inform stakeholders about 
study 

SC  Inform 
stakeholders 
about study 

SI  Inform stakeholders 
about study 

SA  

2a    Determine if 
study code 
needs to be 
created in EZIS 

SI     

2a    Create unique 
study code 

CA     

2a       IF TIMEMOUT PI  
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Withdraw 
protocol 

2a       Trial aborted PI END 

1a, 2a, 4a    Update study 
status to Open 

SI Research 
Manager 
(DB) 

Update study status 
to Open 

DM TRIMIS (DB) 

1a Prepare start study (+) SC  Prepare start 
study (+) 

RN  Prepare start study 
(+) 

DM  

1a Inform PI about start study SC  Inform PI about 
start study 

RN  Inform PI about start 
study 

DM  

2a Build appropriate 
database(s) (+) 

DM        

 Inclusion (+) PI  Inclusion (+) PI  Inclusion (+) PI  

 Patient receives normal 
treatment 

PI END Patient receives 
normal 
treatment 

PI END Patient receives 
normal treatment 

PI END 

2a       IF ERROR 
Trial aborted 

PI END 

 Treatment (+) PI  Treatment (+) PI  Treatment PI  

1a, 4a Check amount of patients 
(+) 

PI  Check amount 
of patients 

PI Patient 
list (ISF) 

Check amount of 
patients 

DM Protocol (I) 

2a Inform METC about study 
closure 

SC        

1a, 2a, 2b, 
4a 

   Update study 
status to 
Follow-Up 

SI Research 
Manager 
(DB) 

Update study status 
to Closed 

DM TRIMIS (DB) 

1a, 2a, 2c    Close Database Statisticia
n & PI 

 Check completeness 
of data 

DM  

    Update data DM  
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1a, 2a    Copy data for 
analysis 

Statisticia
n & PI 

 Copy data for 
analysis 

DM  

1a, 2a    Data analysis Statisticia
n & PI 

 Data analysis DM  

2a    Write final 
report 

PI Study 
report 
(O) 

Write final report PI Study report 
(O) 

2a    Write article for 
publication 

PI Study 
article 
(O) 

Write article for 
publication 

PI Study article 
(O) 

1a, 2b, 4a Update study status to 
Closed 

SC EZIS (DB) Update status 
to Closed 

SI Research 
Manager 
(DB) 

Update study status 
to Completed 

DM TRIMIS (DB) 

1a End trial SC END End trial SI END End trial DM END 

Table 4: Communalities and differences (trial process) 
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Differences. Apart from the big generic part, differences could be identified. These differences are listed 
in the first column of  Table 4: Communalities and differences (trial process) and were categorized 
according to the categories discussed in the previous chapter; Authorization differences (1x), activity 
differences (2x), control flow differences (3x) and resource differences (4x). This enables an overview of 
the differences per category (authorization, activity, control flow and resource differences).  
Below, the skipped activities, part of the category ‘activity differences’, are shown (Table 5: Skipped 
activities). The same procedure was used to present the other types of differences and other sub 
processes (Appendix F: Differences analysis). 
 

Activity LUMC Martini AVL 
Draft protocol approval (+) 

 
X Skipped Skipped 

Sponsor approval (+) 
 

X Skipped Skipped 

Create unique study code 
 

Skipped Skipped X 

Update study status to Pending 
 

Skipped X X  

Determine if study code needs 
to be created in EZIS  
 

Skipped X Skipped 

Create unique study code (in 
EZIS) 
 

Skipped X Skipped 

IF TIMEOUT 
Withdraw protocol  
Trial aborted (END) 

 

Skipped Skipped X 

Update study status to Open 
 

Skipped X X 

Build appropriate databases 
 

X Skipped Skipped 

IF ERROR (insufficient patients) 
Trial aborted (END) 
 

Skipped Skipped X 

Inform METC about study 
closure 

X Skipped Skipped 
 
 

Update study status to Follow-
Up 
 

Skipped X X 
 

Check completeness of data Skipped  
X 

X 
 

Update data Skipped  X 
 

Copy data for analysis Skipped X X 
 

Data analysis Skipped X X 
 

Write final report Skipped X X 
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Write article for publication Skipped X X  
Table 5: Skipped activities 

 
Once these differences were identified, a resolution was determined through follow-up interviews with 
Martini and NKI-AVL, since fundamental differences need further consideration.  Below, three skipped 
activities and the chosen resolution is discussed, necessary for fundamental differences. Again, the 
same procedure was used for the other differences and for the sub processes, as presented in Appendix 
F: Differences analysis.  
 
Draft protocol. As shown in the table above, only LUMC chooses to start the process with a draft 
protocol and getting this draft version approved before sending the final protocol for approval. Martini 
and NKI-AVL immediately start to work with a final protocol. The sub step of also approving the draft 
protocol only delays the process and is not necessary.  In the follow up interviews by phone, both Martini 
and NKI-AVL confirmed this is a redundant activity.  

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Healthcare facilities can choose whether they want to include this additional step in the process, it 
is not an obligation. 

 
Inform stakeholders about study. After a second interview with Martini and NKI- AVL, it proved to be 
fundamental that, after a study is approved, all involved stakeholders are informed about the new trial. 
Since this is a fundamental activity, it has to be resolved through inclusion in the harmonized business 
process model.  

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
After verification, this difference proved to be fundamental and needed to be resolved.    

 
Study code. It is fundamental to separate operations executed for regular care and operations executed 
for trials. This is one way to do this, however other hospitals can choose to do it in a different way. The 
effect, the separation, is fundamental since it is obliged by law.  

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Creating a (unique) study code for each clinical trial is considered to be a fundamental activity to 
ensure the separation of regular and experimental care and efficient communication. There for this 
feature was included in the survey.    
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For all observed differences, a certain resolution was chosen (no issue, further explore in survey or 
consider in the harmonized view of the process). In turn, this influenced the design of the survey and 
the development of the integrated, harmonized model, since only fundamental needed to be 
considered. Below, the resulting harmonized model is discussed.  
 
Harmonized model. Based on this elaborate cross case analysis of the business process models, a 
harmonized business process model was developed. Through this process an integrated business 
process model was developed which describes the clinical trial process with the purpose to design a 
software solution to be used by all clients, supporting the entire clinical trial process. In this way this 
model served as critical input for the identification of design criteria and accompanying software 
requirements in the next phase of the research.  
 
The resulting model shows the clinical trial process can roughly be divided into four phases: approval 
phase, preparation phase, execution phase and closing phase. Throughout the phases, the influence of 
legal obligations and choices made by data managers clearly shows. This is visualized in Figure 11: 
Clinical trial process divided into 4 phases, and discussed below. The full process, including sub 
processes, is presented in Appendix G: Harmonized Business Process Model. 
 
Approval phase. As determined by law, before a study can actually start it has to be approved by the 
required approval committees, which differs for WMO and not WMO trials. WMO trials are studies 
which have to comply with the “Wet Medisch Wetenschappelijk Onderzoek” (Law Scientific Medical 
Research). This is the case when the study involves operations to be executed on people or people being 
assigned a certain mode of behavior. For these kind of clinical trials, approval of a medical ethics 
committee (external party) and the board of directors is obliged. For not WMO trials, regulations are 
less strict and healthcare facilities can decide on the policy used to approve the protocol. Mostly 
assessment is executed by an internal committee.  
The course of the sub process study approval is determined by these strict regulations around clinical 
trials. The exact design of this part of the process differs for each healthcare facility, but due to the legal 
obligations around trial approval they all have a generic part (sub process “study approval”). More 
specifically, in the first step of this sub process standardization clearly shows. For all clinical trials it is 
legally obliged to prepare certain documents, which serves as an input for the approval process. For all 
WMO trials, the same documents have to be prepared (i.e. ABR-form, research protocol etc.), which 
also is the case for not WMO trials (sub process “prepare documents WMO / not WMO”).  Once the 
documents are prepared, a study dossier has to be created (obliged by law), and if a study code is 
already created the clinical trial has to be linked to this study code. This proves the strong influence of 
legal obligations throughout the first phase of the process. 
 
Preparation phase. After study approval, measurements are taken to ensure the separation of regular 
and experimental care; A unique study code is created for each clinical trial to make sure all information 
related to the clinical trial can be traced back to the specific study, ensuring strict separation between 
regular and experimental care. Then, the preparation of the study starts. This sub process shows the 
development of an eCRF and an ISF, which is also obliged for each trail. The design of these forms is 
heavily influenced by choices made by data management (sub process “prepare start study”). This 
shows measurements being taken throughout the second phase of the research, preparation, to comply 
to laws around clinical trials and the policy decided on by data managers.  
 
Execution phase. When the study is fully prepared, the inclusion of patients can start. Again, like the 
study approval, each healthcare facility can decide on the exact division of this sub process, however 
there exists a generic part resulting from legal obligations. All patients have to be screened for eligibility 
criteria, as described in the approved study protocol, to be considered for inclusion. If eligible, patients 
are asked if they are interested in participation a few times since their explicit permission is of great 
importance (they are the central subject in the clinical trial research). To formalize their permission, a 
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signed IC is required, just like it is required to give a signed IC to the patient and archive a signed IC. This 
requirement of a signed, paper permission form is determined by legislation for human research (and 
thus imposed by the government). Also, dependent on the type of clinical trial, randomization has to be 
executed (sub process “inclusion”).  This shows measurements taken to ensure patient security. 
 
Once a patient is included, the actual treatment start. In this sub process the measures taken to ensure 
separation of experimental and regular care clearly show; the requested operations for clinical trials are 
linked to either a unique study code and/or a trail DBC (sub process “treatment”). This shows the 
standard working procedures emerging from the legal obligations in the execution phase of the clinical 
trial process. 
 
Closing phase. Once enough patients are included in the clinical trial and the patients have been treated 
the last step is to analyze the resulting data and write a report / article for publication. Data managers 
deliver the requested data in requested format to the principal investigator. This is the required and 
standard final phase of a clinical trial. The last required step is to inform the METC about study closure, 
which again shows the influence of legal obligations and decisions made by data managers on the course 
of the process throughout the closing phase.  
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APPROVAL PREPARATION EXECUTION CLOSING 

Figure 11: Clinical trial process divided into 4 phases 
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4.1.2. Factors influencing decision making 

The harmonized business process model, clearly shows the influence of legal obligations and choices 
made by data management throughout the clinical trial process. This resulted in a first understanding 
why decisions, regarding tools used throughout the process, are taken. These results were strengthened 
by results through coding, presented below, further delving into this why question by addressing the 
influence of adoption factors. Several codes related to factors influencing decision making, apparent 
throughout the interviews, were identified and clustered based on the theoretical framework. In this 
way three main clusters were identified, i.e. themes; legal aspects related to external coercive forces 
and (resulting) perceived security, data management related to internal normative forces and design 
criteria related to insufficient compatibility. In this way, the codes were clustered and linked to the 
theoretical framework. The interviews were intended to systematically go through all the factors 
presented in the framework. However, in practice it turned out healthcare providers currently 
hardly/not use the solution offered by ChipSoft and information was mainly gathered from data 
mangers, making it difficult to systematically go through all the factors of the framework. More 
specifically, perceived ease of use / usefulness and mimetic forces were not addressed since no 
information could be gained from actual users of the solution. Resulting themes are discussed below.  
 
First the legal obligations, which heavily influence the course of the clinical trial process, the decisions 
made and the ways of registration which are chosen. It results in actions to separate regular and 
experimental care, ensure patient privacy and use standard documents. These decisions are made 
because of obligations imposed by the government; a more powerful authority, an external force, 
determines the course of action. This proves the influence of coercive forces, resulting from the external 
institutional environment, on the clinical trial process. Because of these forces, people feel less secure 
entering patient sensitive data in databases, proving the influence of trust and perceived information 
security.  
 
Secondly the decisions made by data management heavily influence the used policy and support the 
entire clinical trial process. Based on the specific needs of the study, databases are built to support the 
clinical trial process in all ways. These systems are built by data managers, an internal force, who also 
deliver the requested data selections or analyses to be able deliver the aimed study outcomes. This 
means other stakeholders are forced to follow the policy as decided on by data management, in their 
attempt to reach legitimacy. This proves the strong influence of normative forces, resulting from the 
internal institutional environment, on the clinical trial process.  
 
Third design criteria, which (partly) reflects the requested functionalities in a software solution. These 
wishes result from the legal obligations and the choices of data management. This means, because of 
insufficient compatibility to critical design criteria, the solution currently offered to support the clinical 
trial process is not/hardly being used.  Concluding, the different themes and subthemes identified are: 

Legal obligations 
External coercive forces, perceived 
security 

Data management 
Internal normative forces 

Design criteria 
Insufficient compatibility 

1. Separation experimental and 
regular care 

a. Financial obligations 
b. Database requirements 

2. Process structure 
a. Approval study protocol 
b. Patient Information Form 

/ Informed Consent 
3. Standardization 

1. Databases 
2. Process 

Management 
 

1. Flexibility 
2. Anonymized data 
3. Monitoring 

a. Data access 
b. Study statuses 

4. In line with regulations 
5. Support separation 

experimental and regular care 
6. Communication 
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a. Standard documents 
(templates) 

b. Standard procedures 
4. Privacy and security 

a. Patient safety 
b. Data access 
c. Anonymized data 

 

Table 6: Thematic elaboration 

 
These themes will be explained in this section and are supported by relevant quotes from the people 
interviewed (Appendix C: Quotes). Finally, the relation to the framework will be discussed.   

4.1.2.1. Legal aspects 

The legislation for human research imposes several obligations which determine the course of the 
clinical trial process and decisions made. The most important aspects are: 

- Financial obligations to make a detailed budget and separate care executed for research and 
regular care; 

- Obligation of the study protocol being approved by a central  (METC or Medical Ethics Review 
Committee) and local review committee (for example the board of directors) before a study can 
officially start; 

- Obligation of handing patient information and collecting a signed, paper informed consent. In 
this way it is ensured the patient gives explicit permission on participation in the study. Without 
this permission, the patient is not included in the clinical trial; 

- Using standard templates for documents when submitting a study protocol for approval of the 
central review committee and accompanying standard working procedures; 

- Ensure the privacy and safety of patients and patient data. 
 
Separation regular and experimental care. Healthcare facilities deliberately choose for a strict 
separation between experimental care, operations carried out for research, and regular care. This 
choice is heavily influenced by legal (and resulting financial) aspects.  
This part of the clinical trial process is financially sensitive since it is considered fraud if operations, 
executed for research, are falsely declared under regular care. Therefore these operations should be 
separated at all times. This also means databases are structured in such a way that this strict separation 
is ensured. Since experimental care is not covered by the normal health insurance, money has to be 
collected elsewhere. This makes the funding of clinical trials dependent on the availability of sponsors. 
When a sponsor is found, it’s important to precisely document what operations have been executed for 
experimental care. 
 
Process structure. The business process models clearly show measurements taken to ensure alignment 
with the legal obligations, like the already discussed separation of regular and experimental care. 
Overall, these measures determine the structure of the process.  
 
Standardization. Imposed by legislation for human research, healthcare facilities have to use standard 
templates to set up documents within the clinical trial process. This is a big influence in preparing the 
study for approval of the central review committee. At this moment, documents have to be prepared 
with the help of these standard templates. These documents are sent to the review committee to be 
able to get approval and continue with the study. This means templates are used for the study protocol, 
the patient information form (including the informed consent) etc. Also, standard workarounds are 
applied to get approval for a study, include patients, etc.  
 
Patient security and privacy. Patient security privacy is influenced by legal obligations and is the most 
important aspect to be considered when executing human research. This means access to patient 
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related data should be strictly monitored and the structure of the databases used should be designed 
in such a way that patient safety is ensured. Also, to protect patients, it is legally obliged patients give 
explicit permission for inclusion in the clinical trial, through signing an informed consent (part of 
inclusion criteria).  
 
Healthcare facilities make sure patient data stays within the walls of the hospital and access to this data 
is strictly monitored. This means this legal obligation influences the design of and access to databases, 
which is managed by data management. Monitoring who can access patient-sensitive data at what time 
is a crucial part of data management. Most hospitals work with a key which is necessary to enter patient 
specific data. Logs are used to keep track of who entered data at what moment, to make sure this data 
does not leave the hospital. All information which can be linked to specific patients cannot leave the 
hospital at any moment. Anonymized data can.  
In turn, this also causes people to be more hesitant entering patient data in a database. Whether or not 
they do this, depends on how safe they feel entering the information. In this way, ensuring patient 
privacy heavily influences the course of the clinical trial process and the decisions made because of the 
perceived information security. 

4.1.2.2. Data Management 

Data management is a crucial activity within the clinical trial process, it forms the foundation for the 
process. Because of this continuous support, it’s ensured the process complies with (legal) 
requirements.   
 
Database / registration. Database choices are heavily influenced by obligations around patient privacy 
and the obliged separation of experimental and regular care. Overall all hospitals use the same structure 
to design the database support for clinical trials. One application gives an overview of the open trials, 
which is used to determine if a patient might be eligible for a trial. This application can be entered 
through some kind of intranet. Next to this two databases, one with anonymized data and one with 
patient data, are built by data management. Access to the database with patient data is strictly 
monitored by logs to keep track of who enters the data at what moment and for what purpose. Only 
with a key or password these data can be entered. Last, study specific applications are built and filled in 
to keep track of the study statuses in electronic health report forms, the so called eCRFs, which is obliged 
by law.  

What? Access AVL Martini LUMC 

Overview open 
trials (application) 
 

 TRION 
(intranet) 

Intranet Intranet (lumc.org) 

Patient data (not 
anonymous) in a 
monitoring 
database 

Can only be 
accessed with a 
key. Entry is 
logged. 

TRIMIS Research Manager 
(with key) 

EZIS (parelsnoer*) 
ACCESS 
 

Anonymized data 
in research 
database 

 
 

TRION Research Manager 
and study code  
(in EZIS) 

ACCESS  
PROMISe/CASTOR 

Clinical data in 
study specific 
application  

 (E)CRF (E)CRF (E)CRF 

Table 7: Databases  

*Parelsnoer is a national research, in which 8 UMCs (University Medical Centers) are involved. They all collect the 
same dataset, which means data has to be processed in an organized manner. To do this, a so called biobank has 
been built in EZIS.  
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Process Management. All (important) information throughout the trial is updated in databases, with the 
help of data management. Throughout the whole clinical trial process data managers have a supporting 
role for the executing researchers, doctors and research nurses. If they need specific data, data 
managers design the necessary query’s to be able to deliver these data. Also if some fields appear to be 
missing in the course of the trial, data management makes sure these fields are added to the existing 
databases and/or applications. Also, they make sure legal requirements and procedures described in 
the protocol are complied with by all stakeholders throughout the process. This includes the monitoring 
of the access to data to ensure patient privacy.  
In this way the support of data management forms the foundation of the entire process. This means 
data managers have a crucial role throughout the process and in this way they can heavily influence the 
progress and quality of the executed trials, since other stakeholders are dependent on their 
professionalism. In other words, normative forces emerging from relying on choices made by data 
management, influence the clinical trial process.  

4.1.2.3. Design criteria  

From the information gathered with the interviews, it can be concluded the solution currently offered 
lacks compatibility because it is not in line with critical design criteria. Overall, it comes down to the 
software having a supporting role throughout the whole process, making every step of the clinical trial 
process easier. The important decision moments and requirements throughout the process have to 
supported by the software solution. The identified design criteria are important input for the third phase 
of the research, since the final redesign has to comply to these criteria.   
 
Flexibility. Software to support trials should be flexible enough to be able to handle the frequently 
incoming trials. It should be possible to easily extract data (selections) from the database. These 
selections should give a structured overview of data, ready for analysis.  
 
Anonymous data. The software solution should support access to both anonymous data and patient 
related data, which can only be entered with a key or password. 
 
Monitoring. Several measures are taken to strictly monitor each trial. The access to all data related to 
trials is strictly monitored. Also, the progress of the trial is monitored through study statuses.  
 Data access. It should be possible to easily monitor who can access what data at what moment. The 

entering of the data should be monitored with logs. In this way patient privacy can be ensured and 
the false use of patient data can be punished.   

 Study statuses. The solution should support the easy monitoring of studies: what is the status of a 
study at a  specific moment, what patient are included etc. Different hospitals use different study 
statuses, the software solution should be flexible enough to support these differences.  

 
In line with regulations. The software solution to support trials should be in line with the strict 
regulations around trials. It should support data managers to easily follow these regulations to ensure 
the quality of the data.  As indicated above, the patient giving explicit permission with a signed informed 
consent, is required for the patient to be included in the trial. This requirement should be supported by 
the software, by for example a necessary checkmark in the system. The same measure could be used to 
support the obligatory approval of the study protocol. Also templates obliged to be used should be 
incorporated in the system, with subsequent checklist of documents having to be sent to the central 
approval committee.   
 
Support the separation experimental and regular care. The software should support the separation of 
experimental and regular care. It should be possible to strictly separate the documentation of 
operations related to these different types of care, including the financial administration with (for 
example) a trial DBC, like LUMC currently does, and linking trial operations to a unique study code. 
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Communication. The solution should be flexible enough to communicate with other software solutions, 
if needed (for example eCRFs and/or a randomization program). To support the strict regulations around 
separation of regular and experimental care, it should be possible to use the software solution next to 
the eCRFs, the two should be able to easily communicate with each other (instead of copying data 
manually, one by one).  

4.1.2.4. Adoption of software to support the clinical trial process 

The detailed analysis of the clinical trial process, through business process modelling, gives a first 
impression of why decisions, regarding tools used, are taken. The further analysis of the interviews, 
through coding, confirms that the decisions regarding software solutions used to support the clinical 
trial process, are influenced by internal and external institutional forces. The table below shows 
remarks, concerning the factors in the theoretical framework, as stated by the three cases during the 
interviews. A full list of the quotes is presented in Appendix C: Quotes. 

 Martini LUMC NKI-AVL 

Insufficient 
compatibility  

“For the registration of regular 
care we use the electronic health 
record solution of ChipSoft, not 
for trial research.”  
 

“EZIS is not flexible enough to 
deal with regularly incoming 
studies and take out data. 
Especially taking out data is 
very inconvenient with EZIS.”  
- Jozé Krol   
 
“Taking out data from EZIS is 
dramatic, it’s way easier to do 
this with eCRFs.” 
- Marian Janson  

“Only regular care, which is 
reimbursed by health 
insurance, is registered in 
EZIS.” 
 

Normative 
forces 

“Data management takes care 
of building eCRFs to continuously 
updating study related 
information.” 
 
“When specific questionnaires 
are needed, these are obtained 
from data management.” 

“Data management has a 
supporting role throughout the 
whole clinical trial process. 
When researchers need 
specific data selections or 
changes in databases, data 
managers reply to this.” 
- Jozé Krol 

“Throughout the clinical trial 
process, data managers 
support researchers and 
doctors in compliance with the 
study protocol. Also, when 
certain aspects are missing in 
the eCRF, data management is 
available to adapt it with 
query’s.” 

Coercive 
forces 

“We choose to strictly separate 
regular care and care executed 
for research purposes, because 
of obligations for health 
insurance. We are concerned 
that otherwise certain 
operations are declared twice or 
falsely declared under regular 
care.” 
 
“Only when a study protocol has 
officially been approved, the 
study can start .” 
“An informed consent has to be 
signed and archived on paper. 
This is legally required.” 

“We deliberately choose to 
separate care needed for 
research and regular patient 
care.” 
“EVERY study must be centrally 
assessed.” 
“When a patient is interested 
in participation in the trial, it’s 
obligatory to hand them a 
patient information form.” 
- Jozé Krol 
 
“For every study a few things 
have to be prepared when it is 
approved, to prepare the 
actual inclusion. For all of 

“A trial consists of activities 
which are part of regular care 
and activities which fall outside 
the scope of regular care.” 
 
“When a protocol is developed, 
it has to be sent to the central 
approval committee. They 
decide whether or not the 
study will be executed.” 
 
“Only when the patient signed 
an informed consent, the 
patient is registered for the 
study.” 
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“A digital checklist is used to 
assess the study protocol.” 

these aspects standard 
templates are used.” 
- Marian Janson 

Perceived 
security / 
trust 

“The most important in scientific 
research, is data being safe. On 
the other hand, care has to 
continuously innovate and 
valuable information can be 
obtained from patient status.” 
 
“Employees can only enter 
patient related data with a key. 
Access is strictly monitored by 
the Scientific Institute”  
 
“The most important is data 
staying inside the walls of the 
hospital. This should be strictly 
monitored. Data only goes 
outside anonymous.”  

“We always develop a 
monitoring and a research 
database. The monitoring 
database contains patient data 
and can only be entered by 
research nurses, while the 
research database only 
contains anonymized data, just 
like the eCRFs. These 
anonymous data can be 
entered by the researchers.”  
- Jozé Krol 

“Nowadays logs are used to 
keep track of who entered 
which database at what 
moment.” 
 
“TRIMIS contains information 
about which patient is 
registered in which trial. 
However, TRION only contains 
anonymized data.” 
 

Table 8: Quotes 

No evidence was gained for perceived ease of use / usefulness and mimetic forces since the solution 
currently offered is hardly being used and interviewees were mainly data managers, not the actual users 
of the solution, making it hard to systematically go through these factors. 
 
Concluding, compatibility, normative forces, coercive forces and perceived security, emerged to be 
important factors influencing the decision made throughout the clinical trial process. This is marked in 
the framework and further discussed below: 

 
 
Figure 12: Theoretical framework - context of clinical trials 
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Compatibility. The current software solution offered by ChipSoft is not in line with the needs and the 
requirements of the healthcare facilities, implying insufficient compatibility. 
The software solution offered by ChipSoft is not flexible enough to support the regularly incoming trials 
with each one having specific requirements and needs and cannot sufficiently support the complex 
regulations around trials. The solution does not sufficiently support critical design criteria, addressing 
the factors influencing decision making. This shows by the absence of this database throughout the 
clinical trial process, in the business process models. The more compatible the software solution will be 
perceived to be, the greater the intention to adopt.  
 
Institutional forces. The clients of ChipSoft operate in a strong institutional environment, strongly 
affected by coercive forces imposed by government and normative forces resulting from decisions made 
by data management. Because of the strict legislation and the drive for legitimacy, certain organizational 
principles emerge which describe how work is carried out. In other words, it determines in what way 
certain activities throughout the clinical trial process are carried out and heavily influences all decisions 
made throughout the process and in this way, the overall course of the process.  
 
Already during the first phase of the process, the preparation phase, the influence of these coercive 
forces clearly shows because all activities are aimed towards getting approval of an approval committee, 
as obliged by law.  
One of the most important decision resulting from these coercive forces emerging from strict regulation 
around trials, is the separation of regular and experimental care. To prevent fraud, trial operations 
should always stay separated from regular operations. This is why the whole clinical trial process is 
financially sensitive, making it necessary to strictly coordinate financial flows. This clearly shows in the 
sub process ‘treatment’ in the execution phase of the process.  
To further ensure the strict separation, separate databases are used to register study-based and regular 
operations. This means trial related operations are not registered in HiX, showing the influence of these 
external forces on adoption decision regarding the software solution offered by ChipSoft. Also, unique 
study codes are attached to each study to be able to monitor the course of the study and the registration 
of operations. This clearly shows in the business process models through the data objects and the 
creation of the study code, in the preparation phase of the process.  
 
Also regulations around human research lead to standardization since standard templates have to be 
used throughout the clinical trial process. This is imposed by the law for human research. For example, 
standard documents have to be used for the study protocol, the patient information form (PIF) which 
includes the informed consent, and the study contract.  These standard documents to be prepared, 
clearly show in the sub process ‘prepare documents’ in the approval phase of the process.  
Also the law obligates some documents to be collected on paper (next to being archived digitally), like 
the informed consent. These documents have to be collected in a paper study dossier, the ISF, as shows 
in the sub process prepare study, in the preparation phase, and is continuously updated throughout the 
process.  
In addition, legislation requires some standard working procedures, occurring in all healthcare facilities, 
like the submission of a study protocol at a central approval committee and checking inclusion criteria. 
This shows in the generic part of the business process models, which appears in the sub processes study 
approval and inclusion in the approval and execution phase.  
 
These examples prove the major influence of the external forces, emerging through coercive forces, 
throughout the clinical trial process. The healthcare facilities are motivated towards coercive 
isomorphism in order to avoid sanctions from the government if they do not abide by the rules.  
 
Besides these coercive forces, normative forces influence the clinical trial process. More specifically, the 
stakeholders involved in the clinical trial process rely on legitimacy since they are dependent on the 
professionalism of the data(base) managers.  
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Since most stakeholders involved in the clinical trial process lack knowledge about data and databases, 
they rely on the legitimacy of decisions made by data management. Based upon the available study 
protocol and eCRF and the implied rules, decisions are made by database managers on the design of 
databases for each specific study. The database managers are responsible for managing and support 
the entire clinical trial process. This means the quality of the data, the analysis of the data and the 
databases is dependent on the professionalism of these database managers. In this way data managers 
strongly influence the entire process. They also decide whether or not HiX is used. In turn, decisions 
made by database managers are influenced by the above described external factors, showing the 
cohesion between all factors. This also clearly shows in the preparation phase, in which databases are 
designed, and the final phase of the clinical trial process, the closure, in which the study specific 
databases are closed, copying data for analysis and executing the data analysis. This is executed by data 
managers and fundamental input for the final trial report, developed by the researcher.  
 
Perceived information security. Another important construct, which was recalled by all interviewees is 
the perceived information security. As imposed by law, patients are the owners of their status and data. 
Since trials involve research with humans, the emerging information is even more privacy-sensitive than 
in regular care. This leads to concerns about privacy issues, influencing the adoption decision of the 
electronic health records used to capture this information and decisions on who have permission to 
access this information.  
 
These concerns also appear in the process through specifically asking the patient, several times, if 
he/she is interested in participation and through asking for explicit permission and formally supporting 
this with a signed informed consent (execution phase). In this way concrete measures are taken to 
increase the perceived information security, mainly emerging in the execution phase in which patient 
data has to be updated in databases.   
 
Besides this several measures are taken to ensure the safety of these patients. To ensure patient data 
does not just end upon the street, data access is strictly monitored throughout the entire clinical trial 
process. This is done in several ways, like a key, keeping track of access through log files and anonymizing 
patient data. In this way, as imposed by law, it is ensured patient data stay inside the walls of the 
hospital. This also explains why perceived information security is such an important factor in healthcare 
facilities, even more when they participate in trial research because of the stricter regulations.   
 
Since the healthcare facilities have to deal with both internal and external forces, they have to deal with 
so called institutional duality. The institutional environment internally influences the facilities through 
the standards developed, decisions made and logics and rules supported. On the other hand it externally 
influences the facilities through regulatory pressures.  
Overall, it can be concluded the current solution lacks compatibility to critical design criteria and fails to 
create a favorable institutional environment, considering the present coercive and normative forces and 
resulting perceived information security. 

4.2.  Software  requirements in a redesign 

Throughout the third phase of the research, the main goal is to identify the critical software 
functionalities and present these in a redesign. Based on the interviews, it could be concluded the 
solution currently offered lacks compatibility to critical design criteria, identified in the previous section. 
Because of the normative and coercive forces emerging from the environment healthcare providers 
operate in, certain wishes arise. These wishes are not sufficiently supported in a software solution and 
were translated into design criteria which are critical input for the identification of software 
requirements to increase compatibility.  
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In turn, by increasing the compatibility, considering the factors influencing decision making, a favorable 
institutional environment can be created in which adoption is stimulated through offering a solution 
which is in line with legal obligations, wishes of healthcare providers and supports the entire clinical trial 
process. Then, through the survey, it was determined which functionalities are critical, through 
prioritization, resulting in a redesign.  

4.2.1. Software functionalties  

Through combining results from the second phase, the business process models, identification of 
fundamental differences between the business process models and factors influencing decision making, 
software functionalities to be considered were identified. The identified functionalities and the source 
of each of the requirements (appears in the harmonized business process model, yielded to be a 
fundamental difference, supports influencing factors) is shown in the table below: 

Functionalities (to 
be prioritized) 

Business process 
modelling 

Fundamental difference Factors influencing decision 
making 

Study file Trial process 
Study Approval (+) 
Prepare start study (+) 
 

Yes (study dossier) Legal obligations  
(standardization) 
 
Data management  
(process management) 
 
Design criteria  
(in line with regulations) 

Study status Trial process 
Inclusion (+) 

Yes (registration, 
approved, open, explicit 
permission, suspended, 
follow-up, closed) 

Legal obligations 
(monitor) 
 
Data management  
(process management) 
 
Design criteria  
(monitor) 

Overview studies Inclusion (+) Yes (linked to study 
code) 

Legal obligations 
(monitor) 
 
Data management  
(databases) 
 
Design criteria  
(monitor) 

Monitor data 
access 

  Legal obligations 
(security, monitor) 
 
Data management 
(process management)  
 
Design criteria  
(monitor, anonymized data) 

Access to 
anonymized data 

  Legal obligations  
(security) 
 
Design criteria 
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(anonymized data) 

Access to patient 
data 

  Legal obligations  
(security) 
Design criteria  
(monitoring) 

Unique study code Trial process 
Study approval (+) 
Treatment (+) 

Yes 
  

Legal obligations  
(separation, monitor) 
 
Design criteria  
(separation) 

Capture (e)CRF Prepare start study (+) Yes (databases) 
 

Legal obligations 
(standardization) 
 
Data management  
(databases) 
 
Design criteria  
(communication, flexible) 

Capture 
Investigator Site 
File (ISF) 

Prepare start study (+) Yes (study dossier) Legal obligations  
(standardization) 
 
Data management  
(databases) 
 
Design criteria  
(communication, flexible) 

Data analysis Trial process  Data management 
 
Design criteria  
(flexible) 

Password    Legal obligations 
(security, monitor) 
 
Data management (process 
management) 
 
Design criteria  
(anonymized data, monitor) 

Log files   Legal obligations 
(security, monitor) 
 
Data management (process 
management) 
 
Design criteria  
(anonymized data, monitor) 

Screen patient Inclusion (+)  Legal obligations 
(security, standardization) 
 
Design criteria  
(in line with regulations) 
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Inclusion criteria Inclusion (+)  Legal obligations  
(security, standardization) 
 
Design criteria  
(in line with regulations) 

Amount of patients  Trial process  Legal obligations 
(monitor) 
 
Design criteria 
(monitor) 

Indicate when 
required amount of 
patients is reached 

Trial process  Legal obligations 
(monitor) 
 
Design criteria 
(monitor) 

List of patients Inclusion (+)  Legal obligations 
(monitor) 
 
Design criteria 
(monitor) 

Randomization Inclusion (+) Yes (resolved through 
modelling) 

Legal obligations 
(Standardization, security) 
 
Design criteria (in line with 
regulations) 

Planning 
(input software 
developers) 

  Legal obligations 
(monitor) 
 
Design criteria (monitor) 

List of operations to 
be executed 

Prepare start study (+)   

List of executed 
operations 

Treatment (+) Yes  

Financial overview 
 

Treatment (+) Yes (resolved through 
modelling) 

Legal obligations  
(financial obligations) 

Trial DBC Treatment (AVL) (+)* Yes 
 
 

Legal obligations  
(separate experimental and 
regular care) 

Table 9: Software functionalities 

* the harmonized model shows the procedure used by Martini to separate experimental and regular care, namely 
to link operations to a unique study code. AVL uses a trial DBC to ensure this separation. Both were included in the 
survey.  
 

These software requirements were included in the survey for prioritization, to identify the critical 
software requirements. The next section presents the result of the survey.  

4.2.2. Prioritization of software requirements 

First, to determine what types of trials are executed in different healthcare facilities, a frequency table 
was created of the types of trials. To be able to get a clear overview, the different variables related to 
the type of trial, were grouped through defining a multiple response set.  This resulted in the multiple 
response set type of trial, grouping 8 dichotomous variables which each indicate a specific type of trial.  
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The resulting frequency table indicates all healthcare facilities execute WMO multicenter trials, in which 
they are a participating facility. Most of the healthcare facilities, 91,3%, also execute WMO singlecenter 
trials and WMO multicenter trials, in which they are the guiding facility. Next, 82,6% of the respondents 
indicate not WMO research is executed. Through the ‘other’ response option, 4 additional types of trials 
were added by respondents (biobanks, projects, nursing research, hypothesis generating research), but 
each of them are only specifically named by one respondent, which represents 4,3% of the population 
and therefor is negligible. Results are presented in Appendix J: SPSS analysis of the survey, section 
8.10.2. This confirms the current course of the study approval, in which an explicit distinction is made 
between activities to be executed for WMO research and activities to be executed for not WMO 
research. Since most of the healthcare facilities execute both types of trials, this distinction is required.  
 
Next, to determine if study statuses are used and if this is the case, what study statuses are used, a 
frequency table was created for the use of study statuses (dichotomous variable) and the multiple 
response set study status. Just like for type of trial, 8 dichotomous variables each indicate a specific study 
status. To get a clear overview, these distinct variables were combined in a multiple response set. Also 
a frequency table was created for the multiple response set ‘how update study status’, which indicates 
whether a study status is updated on paper, database(s), investigator site file, web or hard drive of the 
PC.  
 
Results indicate the majority of the healthcare facilities use study statuses to monitor study progress 
(73,9%). Most of them update study statuses through databases (73,9%). However, also 5 out of 23 
respondents indicate to still update study statuses on paper (21,7%), confirming workarounds are still 
being used.  Study statuses most used are pending, approved, open, suspended, follow-up and closed, 
indicating these statuses should be supported in a software solution to support the clinical trial process. 
However, also 50% of the respondents state to use the study status registration and explicit permission, 
making the inclusion of these statuses important to consider, but not as crucial as the other study 
statuses. Results related to the use of study statuses are presented in Appendix J: SPSS analysis of the 
survey, section 8.10.3.  
 
To gain insight into the level of maturity of each healthcare facility overall, and of the trial department 
of each healthcare facility, a frequency table has been created. Before creating this table the split file 
option was used to get a frequency table per healthcare facility. SPSS output is shown in Appendix J: 
SPSS analysis of the survey, section 8.10.4. The table below presents the maturity of different healthcare 
facilities, with 1 being the lowest level of maturity and 5 the highest level of maturity.  
 

Healthcare facility Maturity facility Maturity trial department 

NKI-AVL 36,4 % Level 3 
45,5% Level 5 

36,4 % Level 2 
45,5% Level 5 

Catharina* 100% Level 1 100% Level 1 
LUMC* 100% Level 2 100% Level 2 
UMCU 66,7% Level 2 

33,3% Level 3 
33,3% Level 2 
66,7% Level 3 

Maastro* 100% Level 3 100% Level 3 
Martini* 100% Level 5 100% Level 5 
HAGA* 100% Level 5 100% Level 5 
DZ* 100% Level 2 No opinion.  
Unknown 33,3% Level 2 

66,7% No opinion 
66,7% Level 5 
33,3% No opinion 

Table 10: Level of maturity 

 
The healthcare facilities with an * are represented by only 1 respondent in the survey. This might lead 
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to a skewed image with regard to the maturity of these healthcare facilities, since it is just based on one 
men’s opinion. However, these results are important input to be considered when implementing a new 
software solution, since this information offers a roadmap throughout the improvement initiative. 
Overall results indicate NKI-AVL, Martini and HAGA reached the highest level of maturity, which means 
processes are continuously being improved to comply with changing objectives.  However, Catharina 
states to be on the lowest level of maturity, which means processes are ad-hoc, undefined and 
unpredictable, leaving lots of room for improvement through moving to a higher level of maturity 
because of the improvement initiative. The remaining healthcare facilities are somewhere in the middle, 
around level 2 or 3. This indicates core processes are defined at a local level (level 2) or the majority of 
the processes are defined (level 3). 
 
Then, the use of electronic case report forms (eCRF) was mapped through a frequency table.  As 
expected, results yield 100% of the respondents use an eCRF (Appendix J: SPSS analysis of the survey, 
section 8.10.5). This is in line with the legal obligation to use an eCRF.  
 
To gain insight into the monitoring of data access, a frequency table has been created to indicate 
whether or not data access is monitored, how data access is monitored and if a password is used to 
permit data access. Results indicate 95,7% of the respondents monitor data access. This confirms the 
importance of monitoring data access, as a result of laws around protecting patients and patient data. 
Mostly, data access is monitored through either log files (50%) or through a person who is responsible 
for determining who can gain access to what data at what moment (46,6%). In line with the results on 
the monitoring of data access, a password is also used by 95,7% of the healthcare facilities. Again, this 
confirms the importance of functionalities which support the monitoring of data access. Results are 
presented in Appendix J: SPSS analysis of the survey, section 8.10.6. 
 
To determine the exact priority of software functionalities, a frequency table has been created for each 
software functionality.  To enable a quick impression of the most important functionalities, histograms 
and tables representing statistics (including a mean score) have been created of each functionality 
(Appendix J: SPSS analysis of the survey, section 8.10.7 and section 8.10.8).  
 
Based on this information, a table was created to show the prioritization of software functionalities. This 
table was based on the categorization through the MOSCOW framework, with 1 representing the lowest 
priority (won’t have) and 4 representing the highest priority (must have). Through this table it can be 
identified what functionalities should absolutely be included in a software solution to support the 
clinical trial process and what functionalities do not need to be included right away (“total” column in 
Table 11: Prioritization functionalities).  
 
Then, to research if the prioritization of software functionalities differs among data management and 
other functions, the file has been split on ‘ data management’. This analysis was executed because of 
the conclusion in the second phase that data management has a significant influence throughout the 
clinical trial process. Also, a large percentage of the respondents consisted of data managers (33,3%), 
making this analysis an interesting one to consider. Through split file on data management, results were 
compared as indicated by data managers and as indicated by other roles:  

To do Data management Other Total 

To be 
included 
(mean 
>=3.20) 

Study file 
Study status 
Overview studies 
Access to patient data 
Unique study code 
Capture eCRF 
Capture ISF 

Overview studies 
Monitor data access 
Access to anonymized data 
Access to patient data 
Unique study code 
Capture eCRF 
Password 

Overview studies 
Monitor data access 
Access to anonymized 
data 
Access to patient data 
Unique study code 
Capture eCRF 
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Password 
Screen patients 
Inclusion criteria 
Amount of patients 
List of patients 
Planning 
List of operations to be 
executed 
List of executed operations 

Log files 
Inclusion criteria 
List of patients 
Randomization 
 

Password 
Log files 
Screen patients 
Inclusion criteria 
Amount of patients 
List of patients 
Randomization 
 

To be 
considered 
(3.20 > mean 
>= 3.00 ) 

Monitor data access 
Access to anonymized data 
Log files 
Indicate when required 
amount of patients is 
reached 
Randomization 
 

Study file 
Capture ISF 
Screen patients 
Amount of patients 
Indicate when required 
amount of patients is 
reached 
Trial DBC 
 

Study file 
Study status 
Capture ISF 
Planning  
List of operations to be 
executed 
List of executed 
operations 
Indicate when required 
amount of patients is 
reached 

Not right 
away 
(mean < 
3.00) 

Data analysis 
Financial overview 
Trial DBC 

Study status 
Data analysis 
Planning 
List of operations to be 
executed 
List of executed operations 
Financial overview 

Data analysis 
Financial overview 
Trial DBC 

Table 11: Prioritization functionalities 

 
Results show there are some differences in the prioritization according to data management and 
according to other roles. The functionalities to be included without discussion are overview studies, 
access to patient data, unique study code, capture eCRF, password, inclusion criteria and list of patients. 
These are the functionalities which have a mean score above 3.20 for all stakeholders, tending towards 
the must have priority.  
The other functionalities, study status, study file, monitor data access, access to anonymized data, 
capture ISF, log files, screen patients, amount of patients, indicate when required amount of patients is 
reached, planning and randomization, should definitely be considered. With a score between 3 and 3.20 
the functionalities tend to be prioritized towards the should have priority, meaning they are of great 
importance to the intended users.  
As is clearly indicated through the comparison, data analysis, financial overview and trial DBC are the 
functionalities which do not need to be considered at this moment, but might become important to be 
included in the future. Since other roles (no data managers) indicate list of operations to be executed 
and list of executed operations are functionalities which do not need to be included right away, it’s 
recommended to not focus on these functionalities right now but definitely consider them in the future 
(with a higher priority than data analysis, financial overview  and trial DBC, since these always score 
below 3.08, tending towards the could / won’t have priority, according to all stakeholders).   
 
Last a chi-square test for goodness of fit (with α=0.05) and cross tabulation test was used to test the 
hypothesis that there is no difference in how important several software functionalities are for users 
and non-users of these functionalities. This test was executed for the functionalities study status, 
capture eCRF, monitor data access and password, since for these functionalities it is known whether or 



53 
 

not these functionalities are currently being used. Results are presented in Appendix J: SPSS analysis of 
the survey, section 8.10.10.  
The chi-square test for study status was not statistically significant, χ2 (3, N = 21) = 2.074, p>.05, 
indicating there is no difference in how important study status is for users and non-users.  
The chi-square test for capture eCRF gave no results since all respondents use an eCRF. This means 
there was not a group of non-users, making the test inapplicable. As already stated, this confirms 
expectations since using an eCRF is obliged by law for clinical trials. 
The chi-square test for monitor data access was not statistically significant, χ2 (3, N = 21) = 3.360, p>.05 
indicating there is no difference in how important monitoring data access is for users and non-users.  
The chi-square test for password gave no results since all respondents, stated they use a password. This 
means there was not a group of non-users, making the test inapplicable. This confirms the conclusions 
of the second phase of the research, stating monitoring data access (through for example a password) 
is critical because of the laws related to protecting patients and patient data.  
Overall this means the priority people give to certain software functionalities, is not dependent on 
whether or not they currently use this functionality.  

4.2.3. Towards a redesign 

The second phase of the research answered the first and second research questions on the course of 
the clinical trial process, the tools used to support data management and why, and the adoption factors 
influencing the process. The conclusions which emerged from analyzing the survey data, further support 
the identification of critical functionalities to be included in a software solution to support the clinical 
trial process, answering the third research question. This is presented in a redesign in this section. 
 
The functionalities which should definitely be included in the software solution, are listed in the table 
below, proving in this way all design criteria are supported (flexibility, anonymized data, monitoring, in 
line with regulations, separation and communication) clearly indicating for each phase of the clinical 
trial process what critical functionalities support the process and consider the influencing forces: 
 

Phase Theme  (force/antecedent) Subtheme Functionality  

Approval Legal obligations (coercive forces) 
Design criteria (compatibility) 
 

Monitor Study statuses (Pending, 
registration, approved *) 
Study file 

Preparation Legal obligations (coercive forces) 
Data management (normative 
forces) 
Design criteria (compatibility) 

Monitor 
 
 

Study file 
Study statuses (Open*) 
Overview open trials 

Legal obligations (coercive forces) 
 
Data management (normative 
forces) 
Design criteria (compatibility) 
 

Standardization 
Monitor 
Databases 
Communication 
Flexibility 

Capture eCRF 
Capture ISF 
 

Legal obligations (coercive forces) 
Design criteria (compatibility) 
 

Separation 
Monitor 

Unique study code 
Access to patient data 
Access to anonymized data 

Execution Legal obligations (coercive forces) 
 
Design criteria (compatibility) 

Standardization 
Security 
In line with 
regulations 

Inclusion criteria 
Screen patients 
Perform randomization 

Legal obligations (coercive forces) Separation Unique study code 
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Design criteria (compatibility) 
 

Monitor 
 

Access to patient data 
Access to anonymized data 

Legal obligations (coercive forces) 
 
Design criteria (compatibility) 
 
Data Management (normative 
forces) 
 

Security 
Monitor 
Anonymized data 
Monitor 
Process management 

Monitor data access 
Password 
Log files 
 

Legal obligations (coercive forces) 
Design criteria (compatibility) 

Monitor Overview open trials 
List of patients 
Amount of patients 
Indicate when required 
amount of patients is 
reached 
Study statuses (Suspended, 
explicit permission*) 
Study file 
Planning 

Closure Legal obligations (coercive forces) 
Design criteria (compatibility) 
 

Monitor Study statuses (Follow-up, 
closed*) 
Study file  

Table 12: Software functionalities per phase 

* The meaning of the study statuses is: 
- Pending. This status represents the moment before protocol approval; 
- Registration. This status represents the period during protocol approval; 
- Approved. This status indicates the moment at which protocol approval is received and the 

study can be executed; 
- Open. This status marks the clinical trial being open for inclusion; 
- Suspended. This study status represents the period during which a study is temporarily 

suspended, for diverse reasons like no patients being available for inclusion; 
- Explicit Permission. A patient gave explicit permission to be included in the clinical trial; 
- Follow-up. This represents the situation in which inclusion is completed, enough patients are 

included; 
- Closed. Closed means a study is completed, including data analysis and a final report.  

 
These functionalities were all ranked to be critical by important healthcare facilities, involved in clinical 
trials. This prioritization again proves the presence of the strong influence of legal obligations. Capturing 
trial related information through an eCRF is obliged by law and this shows in the results. Everyone uses 
an eCRF and it is given the highest priority. Also, the unique study code is given the must have priority, 
which is in line with the earlier stated importance of the separation of regular and experimental care, 
as obliged by law. The same goes for the functionalities access to patient and anonymized data, 
prioritized as highly important. In addition, the importance of the strict monitoring of the progress of 
the clinical trial is confirmed by the high usage of study statuses and the importance of this functionality. 
Also, through the requirements inclusion criteria, screen patients, indicate when required amount of 
patients is reached and randomization the importance of support of standard working procedures, 
emerging from trying to reach legitimacy, is confirmed.  
The results also show the support of data managers being crucial throughout the entire process, 
resulting in normative forces since people rely on their professionalism.  
 
The functionalities which should not be included in the software solution at this moment, since they 
were considered to be non-critical through the could or won’t have priority by the majority of the 
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respondents, are: list of operations to be executed, list of executed operations, data analysis, financial 
overview and trail DBC.  
 
Critical requirements, required by clients to enable fully supporting the clinical trial process, were not 
supported by one, comprehensive software solution before. Through including these critical software 
functionalities, based on the wishes of healthcare facilities, the thorough analysis of the clinical trial 
process and factors influencing the process, in the software solution, higher compatibility will be 
reached because it supports each step of the process and accompanying critical design criteria. The 
solution: 

 Is more flexible, also being able to communicate with other solutions like an electronic case 
report form; 

 Enables the use of anonymized data; 
 Enables monitoring data access and study progress (with study statuses);  
 Is in line with strict regulations around clinical trials through for example allowing for checking 

inclusion criteria through the solution; 
 Supports the strict separation of experimental and regular care through for example allowing 

for attaching a unique study code to a trial.  
Including these functionalities in a software solution means the solution supports compliance with legal 
obligations and internal forces imposed by data managers, as addressed through answering design 
criteria. In addition, supporting legal obligations related to security, will positively influence the 
perceived information security. In this way institutional norms are considered and a favorable 
institutional environment is created, in which the adoption of the available software solution, to support 
the clinical trial process, is stimulated. 
The above stated redesign is concrete input for software developers, responsible for the final design 
and implementation of the new software solution. Accompanying suggestions for improvement are 
presented in the next chapter.  
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 CONCLUSIONS AND RECOMMENDATIONS 

The final phase of the research is delivering recommendations on a redesign for the software solution 
to support the clinical trial process, which can be implemented by software developers to better answer 
to customer expectations and ChipSoft in particular. In this way, the suggestions enable them to 
improve their software product. First, the first three research questions are revisited, to result in well-
grounded recommendations, answering the fourth research question.  

5.1.  Revisiting the research questions 

Overall, the research elaborated on four research questions through four phases. To get to an answer 
to the last research question, the first three phases of the research will be discussed below, answering 
the first three research questions. 

5.1.1. As-is situation 

To be able to identify the software requirements needed to fully support the clinical trial process and 
needs of healthcare providers, first a detailed understanding of the as-is situation needed to be gained. 
To reach a rich understanding of this situation, both the process as the factors influencing decision 
making needed to be researched, as stated by the first and second research question. 

5.1.1.1. Clinical trial process 

The first research question aimed at identifying what the complex clinical trial process looks like, what 
tools are used throughout the process to manage data and why.  
 
This was explored in a literature review in the first phase. This revealed the clinical trial process is a 
complex process which involves multiple people across multiple specialisms. It also yielded a practical 
tool to enable modelling the clinical trial process in a structured manner: business process modelling 
through the Business Process Modelling Notation.  
 
Secondly, through qualitative empirical research in the second phase of the research, the process was 
mapped in a detailed manner, with the tool identified in the first phase.  
Overall, the clinical trial process is comprised by four phases: the approval phase, the preparation phase, 
the execution phase and the closing phase. The approval phase starts with a submitted study protocol, 
which is to send to the required approval committees, which differs for WMO and not WMO trials. For 
WMO trials, approval of an external METC and the Board of Directors is obliged. For not WMO trials 
regulations are less strict, mostly approval of an internal committee is obliged. Once approved, the 
clinical trial moves to the next phase of the process, the preparation. This phase involves attaching the 
clinical trial to a unique study code, to ensure all information entered on the clinical trial can be traced 
back to this specific trial. Also the required database support and study files have to be created and 
stakeholders involved are informed about the clinical trial. Once all important stakeholders are updated 
about the clinical trial and database support is sufficiently prepared, the execution phase can start. This 
involves the inclusion and treatment of patients. Both are described by extensive sub processes. 
Inclusion means thoroughly screening the patient for compliance with inclusion criteria and making sure 
the patient wants to be included in the clinical trial. For the treatment process, it’s important to strictly 
monitor progress and document all operations executed, with the purpose of a financial administration 
which is in line with the law. Once enough patients are included, the last phase, study closure, starts. 
This includes exporting all information documented on the clinical trial and executing the required data 
analyses, mostly done by data managers. Once executed, the researcher can write the final report to 
answer the stated research questions and/or hypotheses and the clinical trial can be closed.  
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The entire process can take several months to several years. This complex process was clearly presented 
in an integrated view of the process, through a detailed cross case analysis. 
 
The developed business process models also reveal the tools used throughout the process. Based on 
decisions made by data managers, several databases are used throughout the clinical trial process. An 
application is used to continuously update the overview of open trials, patient data is saved in a 
monitoring database and anonymized data is saved in a research database, to ensure the security of 
patient data, and clinical data is saved in a study specific application (a case report form, as obliged by 
law). The choices made for database design by data managers, in turn, are influenced by legislation 
around protecting patient data and seperating experimental and regular care.  
This means choices regarding tools used are made by data managers. Because of their choices, other 
stakeholders decide to use certain tools since they are dependent on their professionalism. In turn, their 
choices are influenced by legislation around clinical trials, like the required use of a case report form. 
Why decisions, including decisions regarding tools used, are taken, is further delved into by addressing 
adoption factors influencing decision making.  

5.1.1.2. Factors influencing decision making 

The clinical trial process clearly shows the influence of legal obligations and choices made by data 
management. The second research questions aimed at further identifying adoption factors influencing 
the decisions made throughout the clinical trial process. 
 
Again, the first phase aimed at exploring this subject in a literature review. This yielded a framework 
which identified both the institutional factors as the antecedents influencing the adoption decision of a 
software solution to support the clinical trial process. This framework served as a generic framework for 
the qualitative empirical research executed in this part of the second phase of the research.  
 
In the second phase, through further analyzing the interview data, the factors influencing decision 
making were identified. Results reveal the institutional environment healthcare providers operate in, is 
heavily influenced by internal and external forces emerging from this environment. Strict regulations, 
imposed by the government, heavily influence the clinical trial process. In this way, coercive forces 
influence the decisions made and the course of the process. Also, perceived information security, 
resulting from strict rules around protecting patients and their data, influence choices made and 
measurements taken throughout the process. Besides this, choices made by data managers 
substantially influence the steps taken throughout the clinical trial process since their support is crucial 
throughout the process. In this way, normative forces also heavily influence the process and decisions 
made since people rely on the professionalism of data managers. In turn, the choices data managers 
make are influenced by the stated coercive forces, trying to comply to them. Last, the process is not 
sufficiently supported by a software solution because of insufficient compatibility with critical design 
criteria. The identified design criteria are: 

 Higher flexibility of the software solution to be able to handle a wide variety of regularly 
incoming trials; 

 Enable the use of anonymized data; 
 Enable monitoring data access and study progress (with study statuses);  
 Be in line with strict regulations around clinical trials (coercive forces); 
 Support the strict separation of experimental and regular care;  
 Enable easy communication with other solutions.  

 
Concluding, the evaluation of the current situation proved the institutional environment healthcare 
providers operate in, is heavily influenced by institutional forces emerging from the environment. 
Because of insufficient compatibility with critical design criteria, the solution currently offered by 
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ChipSoft is hardly being used and instead a combination of several databases is used to support data 
management throughout the process.  

5.1.2. Towards a redesign 

With this rich understanding of the current state of arts in the clinical trial context, software 
requirements to support this complex process can be identified and prioritized, answering the third 
research question as elaborated on in the third phase of the research.  

5.1.2.1. Software requirements 

Through including critical functionalities in the software solution, based on the wishes of healthcare 
facilities translated into design criteria, the thorough analysis of the clinical trial process and factors 
influencing the process and decisions made, higher compatibility will be reached. In this way the 
redesigned solution supports healthcare providers throughout each step of the clinical trial process, 
enabling them to comply with legal obligations and internal forces imposed by data managers. Besides 
this, supporting legal obligations related to security, will positively influence perceived information 
security. The solution is in line with the identified design criteria, creating a favorable institutional 
environment in which adoption is stimulated.  The solution: 

 Is more flexible, also being able to communicate with other solutions like an electronic case 
report form; 

 Enables the use of anonymized data; 
 Enables monitoring data access and study progress (with study statuses);  
 Is in line with strict regulations around clinical trials through for example allowing for checking 

inclusion criteria through the solution; 
 Supports the strict separation of experimental and regular care through for example allowing 

for attaching a unique study code to a clinical trial.  
 
Practically this means, the functionalities to be included are overview studies, access to patient data, 
unique study code, capture eCRF, password, inclusion criteria and list of patients, study status, study 
file, monitor data access, access to anonymized data, capture ISF, log file, screen patients, amount of 
patients, indicate when required amount of patients is reached, planning and randomization. Since 
these functionalities are of high importance to the user, with the majority of the respondents giving 
them a should or must have priority, they should be included in the solution in the attempt to create a 
more favorable institutional environment. Through including these, all phases of the clinical trial process 
are supported through the comprehensive software solution. In this way the solution fully supports the 
needs of healthcare providers, enhancing the usefulness of the solution. 

5.2.  Recommendations for improvement 

The findings discussed above, are critical input to come up with concrete recommendations for 
improvement, which are discussed below, elaborating on the fourth research question in this last phase 
of the research. The recommendations are presented for ChipSoft in particular, however in similar 
situations, attempting to improve a software solution, the suggestions can be used in general by 
software developers.   
 
ChipSoft tries to support healthcare providers throughout the whole care chain and all the work 
processes. However, the software solution currently offered, to support the clinical trial process, is not 
being used as much as desired since it is not compatible with the needs of healthcare providers, does 
nog sufficiently support the clinical trial process and does not consider the present factors influencing 
decision making. Thus, the first recommendation for ChipSoft is to include the identified, critical 
software requirements in one comprehensive software solution as discussed in the previous section. In 
turn, this will lead to higher compatibility, supports compliance with legal obligations and internal forces 
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imposed by data management and increases the perceived information security. In this way adoption 
of the software solution is stimulated through the creation of a favorable institutional environment in 
which the needs of the clients are answered. 
 
The suggestion is to redesign the software as follows: 

- Make the solution support each step of the clinical trial process; 
- Address the factors influencing the institutional environment (coercive forces, normative forces 

perceived information security and insufficient compatibility);  
- Comply to the identified design criteria (flexibility, anonymized data, monitoring data access & 

study progress, in line with regulations, separation of experimental & regular care, 
communication); 

- Include the functionalities which are of high importance to the intended user. These 
functionalities are: overview studies, access to patient data, unique study code, capture eCRF, 
password, inclusion criteria, list of patients, study status, study file, monitor data access, access 
to anonymized data, capture ISF, log file, screen patients, amount of patients, indicate when 
required amount of patients is reached, planning and randomization.  

 
Through the extensive research of the clinical trial process, the course of the processes and the needs 
of healthcare providers have been mapped for this moment. However, business processes are not static 
but are continuously evolving and changing based on latest developments and changing needs. 
Therefore, managing this process to implement the software solution and stimulate adoption is not a 
one-off project, it should be approached as a process of continuous improvement. A permanent 
practice, which involves a process thinking mindset, should be established to continuously analyze the 
clinical trial process and the performance of the solution. When required, adjustments should be made 
to continue to respond to changing regulations, latest developments and changing expectations of 
clients, the healthcare facilities involved in clinical trials. In this way performance of the software 
solution can be assured.  
 
Also, once the solution has been implemented and is sufficiently stimulating adoption, the won’t have 
functionalities should be considered; List of operations to be executed, list of executed operations, data 
analysis, financial overview and trial DBC. The first two should be approached with a higher priority, 
because healthcare providers stated these functionalities to have a higher importance in the survey. 
Once sufficient resources are available, customers should be asked whether or not, at this moment, 
these functionalities are considered critical. If this is the case, these functionalities should be added to 
the established software solution. This is in line with approaching the improvement initiative as a 
continuous improvement process, taking into account changes in the environment, changed regulations 
and changed customer expectations.  
 
Concluding, the process to design and implement the new software solution will be a permanent 
improvement practice in which continuous discussions with clients and continuously scanning the 
environment for changes, will lead to a successful implementation.  
 
Within this improvement initiative it is recommended to use the developed business process models as 
a communication base to, since the concise process view can assist in illustrating the solution supports 
the entire clinical trial process. In this way the models can assist in taking the intended user through the 
possibilities of the solution. 
 
Also the information on the current level of maturity, should be used to give guidance and structure to 
the strategy used for implementation of the new software solution. It gives useful insight on their ability 
to use systematic process thinking and the extent to which healthcare facilities currently implemented 
software support throughout the clinical trial process.  
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Through taking into account these recommendations on the solution and the continuous management 
and updating of the solution, the long-term success of the solution offered and in this way of the 
company, ChipSoft, will be enhanced.  
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 DISCUSSION  

The previous chapter sketched clear conclusions and recommendations, resulting from the research. 
However, there is still room for discussion, which is presented in this chapter. First, the contribution of 
the research to academic research is discussed, followed by a discussion of the practical contribution of 
the research. Finally, limitations and suggestions for future research will be discussed.  
 
As a start, it should be mentioned the healthcare environment and related policy and regulations are 
continuously changing. These rules are even more apparent in the context of clinical trials, since patients 
are the central research subject. Therefore, the implementation of the proposed software solution 
should be a dynamical process in accordance with the current regulations.  

6.1.  Academic contribution 

In this section, the academic contribution of the research is discussed. 
Firstly, the academic contribution concerns an extension of existing scientific knowledge on the clinical 
trial process and factors influencing the adoption decision of software to support this process, through 
a practical case study.  
The clinical trial process has not yet been mapped in a detailed manner, including the tools used to 
support data management. This research presents detailed business process models, thoroughly 
mapping the clinical trial process as executed by three healthcare facilities heavily involved in clinical 
trials. In this way insight was gained in a complex process in which multiple people, with diverse 
interests, work across multiple settings, adding to research on clinical trials. 
Next, while adoption factors have been studied in the IS domain, the institutional perspective and 
factors have received little attention. The results particularly extended prior research such as that of 
Kostava and Roth (2002), extensively discussing the institutional theory. This research identified both 
the antecedents as the institutional factors, influencing the adoption decision of a software solution to 
support the clinical trial process. It proved the adoption decision regarding such a software solution, 
just like healthcare information systems in general, is influenced by both internal and external factors.  
In this way the study contributed to prior research on the influence of institutions on adoption. This 
research has generally used a simple conceptualization of the tool adopted. In this study the process 
and tool were modelled more extensively, using an business process modelling approach and identifying 
factors influencing decision making.  
 
Besides this, through combining different data analysis tools within a comprehensive, iterative research 
method, a more formal approach was identified to research the factors influencing the adoption 
decision of healthcare information systems, specifically to support the clinical trial process. It proved 
the value of combining several data analysis methods in an iterative approach.  
Through an iterative approach to analyze the data gathered on adoption by a combination of thematic 
coding and business process modelling, the results gathered were analyzed in a more formal, objective 
manner. This closes the gap in existing literature of the absence of such a formal method. The used 
methodologies strengthened and complemented each other. More specifically, conclusions through 
thematic coding were supported and strengthened by evidence which shows in the business process 
models and the other way around, hence the iterative approach. This way of analysing data could be 
used in future research on adoption.  
 
Last, the research adds to studies on the comparison of business process models by identifying a 
structured, detailed, manual approach towards identifying similarities and differences between complex 
business process models, involving boundary events, happy flows and pools. Currently there is not a 
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suitable software tool to support the comparison of business process model of this level of complexity, 
making the approach used a useful addition to current research and tools available. 

6.2.  Practical contribution 

Next to the academic contribution discussed in the previous section, the research also yielded some 
practical contributions, discussed below.  
 
First, the practical contribution is a solution to a business problem for software firms in general and 
ChipSoft in particular. It solves the problem of the absence of a suitable software solution, to fully 
support the clinical trial process and answer to the needs of healthcare providers. Specific deliverables 
to the firm include an identification of the software requirements to support the clinical trial process 
and suggestions for redesign. This means these recommendations can be used more broadly by other 
companies attempting to support the clinical trial process, and in particular by ChipSoft.  
 
In addition, the presented model to identify the software requirements can be applied more broadly by 
software companies, when attempting to configure a software solution for a specific healthcare facility 
or a network of healthcare facilities. This means the model in this research is presented to ChipSoft for 
application in their system, however it can be used more broadly by other software companies. Applying 
this model means mapping the underlying business process through comprehensive business process 
models, understanding the resources currently used and factors influencing the decisions made 
throughout the process. In this way insight can be gained in the factors influencing the process and 
adoption of resources. This information will form the base for identifying software functionalities to 
support the process, integrated in a software solution which fits the needs of the involved stakeholders.  
 
Also, through the visualisation of the clinical trial process with a comprehensive process modelling tool, 
business process models have been developed which enable a simple and clear understanding of the 
clinical trial process. These business process models prove the clinical trial process is a complex process, 
however complexity can be reduced through mapping the processes with comprehensive business 
process models. Also, these business process models were used and can continue to be used in the 
future as a communication base. This will be a useful contribution throughout the implementation 
process of the new software solution.  
 
Last, when dealing with complex processes and resulting business process model with a high level of 
complexity (including boundary events, pools and happy flows) the structured approach to manually 
analyze the difference and similarities between the business process models, as presented in this thesis, 
can be applied in future research.  

6.3.  Limitations and suggestions  

Although this study has limitations, it also gives ground for future research. The research described in 
this thesis should be interpreted with these limitations and suggestions for future research in mind. 
 
First, the research is partly based on subjective data gathered through interviews and a survey. An 
attempt is made to formalize the research method by a combination of data analysis tools in an iterative 
approach. However, more objective, quantitative data could supplement the current research. This 
wasn’t possible in this study, due to limited time and resources.  For example, it could be interesting to 
use log files to determine the current throughput time and bottlenecks of the clinical trial process. After 
implementing the improved software solution, this throughput time could be mapped again to conclude 
whether or not the solution improved throughput time and helped to overcome bottlenecks.   
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Second, the scope of the research for the second phase involved three healthcare facilities. These 
healthcare facilities all are involved in diverse clinical trials, representing a diverse range of healthcare 
facilities and specialisms. Nevertheless, the systematic variance would be smaller with a bigger sample 
size. Also generalizability would be higher, since results may differ for other cases.  
In the third phase of the research, 11 healthcare facilities were part of the respondents for the survey. 
Almost half of this diverse group of healthcare facilities, consisted of people from the same healthcare 
facility possibly harming the representativity of the sample. Due to the scope of the research it was 
decided to continue with these responses and this was taken into account in the statistical analysis of 
the responses. However, a more diverse sample would be preferred for a better and more reliable 
representation of the total population (healthcare facilities actively involved in clinical trials).  
 
Last, the proposed software solution is developed through extensive research but has not yet been 
tested in practice. In order to know if the solution actually yields a higher adoption rate and sufficiently 
supports healthcare providers throughout the clinical trial process, the suggested solution should be 
implemented and the progress should be monitored. This is a longer-term project to determine the 
long-term success. This actual validation of the solution in practice, falls outside the scope of the 
research due to limited time and resources, but it would be useful to monitor success and progress in 
the future. The recommended way to do this is by an analysis of the amount of healthcare facilities using 
the solution and the experiences of the healthcare providers using the solution. If available, the already 
proposed log files could be used to map improvements with regards to throughput time. Also, the 
framework presented in this research and accompanying interview protocol could be used to determine 
if the solution actually improved for example the perceived usefulness. To reach this, once the solution 
is implemented, the actual users can be interviewed. This goes hand in hand with the recommendation 
on approaching the recommended solution as a continuous improvement process rather than a one-
off project.  
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 APPENDICES 

8.1.  Appendix A: Graphical representation of the Institutional Theory 

  

Figure 13: Institutional Theory 
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8.2.  Appendix B: The interview protocol 

Inleiding 
Eerst kort vertellen wie ik ben en wat ik doe.  
 
Ik ben Karin, 24 jaar en ben studente aan de Technische Universiteit Eindhoven. Ik heb daar de 
bachelor Technische Bedrijfskunde afgerond. Momenteel ben ik bezig met de afronding van de master 
Innovation Management en doe daarvoor een afstudeeronderzoek bij ChipSoft. Mijn onderzoek valt 
onder twee specifieke onderzoeksgroepen binnen mijn master, namelijk ‘innovatie, technologie 
ondernemerschap en marketing’ en ‘bedrijfsinformatie systemen’. 
 
Centraal in dit onderzoek staat het trial proces en de middelen die gebruikt worden ter ondersteuning 
van het proces. Deze informatie zal input geven voor het verbeteren van de software ondersteuning 
voor het proces.  
 
Omdat u, als klant van ChipSoft, actief betrokken bent bij onderzoek en het opzetten van trials, zou ik 
u graag wat vragen stellen betreffende dit onderwerp.  
 
Heeft u nog vragen en/of opmerkingen? 
 
Ik wil graag vermelden dat u natuurlijk de vrijheid heeft om geen antwoord te geven op vragen en uw 
reactie vertrouwelijk behandeld zal worden. Uiteindelijk zal de informatie verkregen met de interviews 
geanalyseerd worden en gepresenteerd in een rapport.  
 
Introducerende vragen 
Dan introducerende vragen om de geïnterviewde en zijn/haar werkzaamheden wat beter te leren 
kennen.  
 

Zou u kort wat kunnen vertellen over wie u bent en wat uw functie binnen [ziekenhuis] is? 
Wat is uw achtergrond? 
 
Vanwaar uw interesse in onderzoek en trials? 
  

 
Vragen m.b.t. het trial proces 
Nu we wat meer over de persoon en de werkzaamheden weten, achterhalen met wat voor trial(s) hij/ 
zij bezig is en hoe dit proces er PRECIES uitziet. Een vooraf gemaakt procesoverzicht erbij houden, zodat 
je eventueel op vergeten stappen kan wijzen. Globaal de stappen meeschrijven zodat naar bevestiging 
kan worden gevraagd of met post its samen het proces samenstellen. Vraag steeds naar concrete 
voorbeelden of cases (bewijs). Een groteren kleiner project in kaart brengen.  
 

1. Met wat voor type trial(s) bent u bezig? 
2. Wat zijn de verschillende stappen in het proces? 

a. Dus [samenvatting], klopt het dat het proces zo verloopt? 
b. [bij beslissingen/tools], waarom? 

3. Kunt u een concreet voorbeeld geven (aan de hand van dat voorbeeld de stappen nog 
eens doorlopen)? 

a. Vraag naar waar informatie vandaan komt (databases), hoe geregistreerd etc. 
Zo achterhalen welke tools gebruikt worden ter ondersteuning. 

4. Heeft u in het verleden andere trials opgezet? 
Proces doorlopen m.b.v. voorbeelden om bewijs te verzamelen voor het proces.  
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Vragen m.b.t. de factoren 
Vragen naar de factoren zoals vastgesteld in het raamwerk uit de literatuur studie. Zo achterhalen 
waarom bepaalde beslissingen worden genomen / bepaalde activiteiten (zo) worden uitgevoerd, welke 
factoren zijn hierop van invloed.  
 
TAM/Rogers. Achterhalen of de oplossing voldoet aan wat de geïnterviewde verwacht / wil.  

1. Vind u de software oplossing nuttig? Waarom wel of niet? 
2. Vind u het makkelijke om de software oplossing te gebruiken? Waarom wel of niet? 
3. Doet de software oplossing (gemakkelijk) wat u wil dat hij doet? Waarom wel of niet? 
4. Komt de software oplossing overeen met uw behoeften? Wat wel of niet? 
5. Vindt u dat de software oplossing het trial proces goed ondersteund? 

 
Institutional theory. Gedurende het proces komen er een aantal beslismomenten voorbij (inclusief 
beslissingen om activiteiten op een bepaalde manier uit te voeren). Dan achterhalen wat deze 
beslissingen motiveert, dus ook de beslissing voor het wel of niet gebruiken van de software oplossing 
van ChipSoft.  

1. Wie neemt deze beslissing / waarom wordt dit zo uitgevoerd? 
2. Wat beïnvloed de beslissingen die u maakt? 

Afhankelijk van wat op deze vraag beantwoord wordt, door vragen om te achterhalen welke 
institutionele factoren een rol spelen.  
 

Mimetic  
a. Hebben mensen die dit doen meer aanzien binnen uw organisatie? 
b. Heeft u ervaren dat andere organisaties hier voordeel van hebben? 
Normative 
c. Wordt dit gezien als de normale gang van zaken? 
d. Wordt dit gezien als de correcte manier van werken? 
e. Zorgt dit voor goedkeuring? 
Coercive 
f. Voelt u zich verplicht voelt deze activiteit zo uit te voeren? Zo ja, waarom? 
g. Vinden mensen die belangrijk voor u zijn / uw gedrag beïnvloeden dat u dit op deze manier moet 

uitvoeren? 
 

Trust/perceived security 
1. Voelt het veilig voor u om informatie in de software oplossing te zetten? Waarom wel of niet? 
2. Voelt het veilig voor u om de software oplossing te gebruiken? Waarom wel of niet? 
 

 
Afsluiting  
Even kort herhalen wat er gezegd is in een samenvatting en om bevestiging vragen.  

Dus.. [samenvatting], klopt dit? 
 
Ik zou u graag een gespreksverslag mailen en de opgeschreven informatie bij u valideren.  

Bent u bereid hier feedback op te geven?  Zou u nog iets toe willen voegen?  
 
Als ik nog extra informatie of verduidelijking nodig heb over specifieke punten, kan ik u 
daarvoor dan nog benaderen? 
Heeft u nog vragen en/of opmerkingen? 

 
Nogmaals, vriendelijk bedankt voor uw tijd en medewerking en tot ziens.  
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8.3.  Appendix C: Quotes 

Main themes 
(step 3) 

Themes 
(step 2) 

Subthemes 
(step 1) 

Quotes 

Coercive 
forces 
+ 
Design 
criteria 
(separation) 

Separation 
experimental 
and regular 
care  
 
 
 

Financial 
obligations  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“We choose to strictly separate regular care and care 
executed for research purposes. This separation is 
continuously monitored by the Scientific Institute. We 
choose for this strict separation because of obligations 
for health insurance. They are concerned that otherwise 
certain operations are declared twice or falsely declared 
under regular care. ” 
 
 “WMO research carries the risk of study related costs 
are falsely claimed at the Health Insurance. This is fraud. 
To prevent this, financial flows around research is strictly 
coordinated by the Scientific Institute.” 
 
Marian Janson, research coordinator at LUMC states 
“It’s really important for operations executed for the 
research to be separated from operations executed for 
regular care, especially for the sponsor. That is why we 
work with trial DBCs. When a certain operation has to be 
executed for the trial, this operation is linked to a trial 
DBC in EZIS by the financial administration. However, it is 
possible some data resulting from regular care being 
used for research purposes.” 
 
Tony van de Velde, Database Administrator at AVL states 
“A trial consists of activities which are part of regular 
care and activities which fall outside the scope of regular 
care. This part is translated into costs, which is input for 
the approval decision of the Board of Directors.” 
 
“For financial purposes, operations for regular care is 
separated from operations executed for research. 
Regular care is covered by health insurance. 
Experimental care is financed by sponsors, academic 
fees, grants etc. and translated in a contract. Regular 
care is registered in EZIS with the help of a DBC code” 

Design 
criteria 
(flexibility) 

 Database 
requirements 
to support 
separation 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“We use a separate code for study related operations, 
the so called study code. In this way it is prevented a 
doctor requests operations at its own code instead of the 
study code.” 
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“For the registration of regular care we use the 
electronic health record solution of ChipSoft, not for trial 
research.”  
 
Jozé Krol, database manager at LUMC states 
“We deliberately choose to separate care needed for 
research and regular patient care. Regular care is 
registered in electronic patient dossiers in EZIS.  
But EZIS is not flexible enough to deal with regularly 
incoming studies and take out data. Especially taking out 
data is very inconvenient with EZIS, it’s way easier to use 
eCRFs (PROMISe) to do this.” 
 
Marian Janson, research coordinator at LUMC states 
“EZIS is only used to indicate a patient participates in a 
trial. Other data is collected in eCRFs (with EZIS as the 
source). Data from EZIS has to be copied to an eCRF 
manually, one by one. The data has to be copied because 
taking out data from EZIS is dramatic, it’s way easier to 
do this with eCRFs.” 
 
Tony van de Velde, Database Administrator at AVL states 
“Only regular care, which is reimbursed by health 
insurance, is registered in EZIS.” 
 

Design 
criteria (in 
line with 
regulations) 

Process 
structure 

Approval 
study 
Protocol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“Only when a study protocol has officially been 
approved, the study can start and the required search list 
can be obtained from Data Management.” 
 
Marian Janson, research coordinator at LUMC states 
“When a study is submitted, it first has to be approved 
by the scientific committee. If approved, it is sent to the 
sponsor who also has to approve the study. Finally, it 
also has to be approved by a central approval 
committee. To get this approval, a list of documents has 
to be prepared before sending the study to the METC for 
approval” 
“EVERY study must be centrally assessed.” 
 
Tony van de Velde, Database Administrator at AVL states 
“When a protocol is developed, it has to be sent to the 
central approval committee. They decide whether or not 
the study will be executed.” 

  Patient 
information 
form / 
Informed 
consent 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“Necessary for inclusion in a trial is a signed IC being 
archived” 
“An informed consent has to be signed and archived on 
paper. This is legally required.” 
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Marian Janson, research coordinator at LUMC states 
“When a patient is interested in participation in the trial, 
it’s obligatory to hand them a patient information form. 
Finally it will only lead to actual inclusion if the patient 
signed the informed consent.” 
 
Tony van de Velde, Database Administrator at AVL states 
“Only when the patient signed an informed consent, the 
patient is registered for the study.” 

 Standardization Templates 
 
 
 
 

Marian Janson, research coordinator at LUMC states 
“To prepare the study for approval of the METC, lots of 
documents have to be collected. Templates for these 
documents can be found on LUMC intranet and the 
webpage of CCMO. It’s obligatory to use these standard 
templates for, for example, the study protocol, patient 
information form and research contract” 
 

  Standard 
procedure 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“A digital checklist is used to assess the study protocol.” 
 
Marian Janson, research coordinator at LUMC states 
“For every study a few things have to be prepared when 
it is approved, to prepare the actual inclusion. This 
includes making an investigator site file, filling in an eCRF 
and making a workbook. For all of these aspects 
standard templates are used.” 
 
Tony van de Velde, Database Administrator at AVL states 
“For every study a protocol is developed, describing the 
clinical trial process step by step.” 
“When a protocol is written, it has to be sent to an METC 
for approval” 
 

 Privacy and 
perceived 
security  

Patient 
safety 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“Patients own their status and safety of these patients is 
a priority. The most important in scientific research, is 
data being safe. On the other hand, care has to 
continuously innovate and valuable information can be 
obtained from patient status.” 
 
“Everything you can trace back to a specific person, does 
not go outside the hospital. This is forbidden by law.” 
 
“At some departments, explicit permission is asked from 
the patient to look into the patient status. This is 
indicated by a checkmark in HiX. The goal is to enroll this 
for all specialisms.” 
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Design 
criteria 
(monitor 
data access) 

 Data access  
 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
 “Employees can only enter patient related data with a 
key. Access is strictly monitored by the Scientific 
Institute”  
 
Jozé Krol, database manager at LUMC states 
“We always develop a monitoring and a research 
database. The monitoring database contains patient 
data and can only be entered by research nurses, while 
the research database only contains anonymized data, 
just like the eCRFs. These anonymous data can be 
entered by the researchers.”  
 
Tony van de Velde, Database Administrator at AVL states 
“Nowadays logs are used to keep track of who entered 
which database at what moment. This is legally 
obligated and also a part of EZIS." 

Design 
criteria 
(anonymized 
data) 

 Anonymized 
data 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“The most important is data staying inside the walls of 
the hospital. This should be strictly monitored. Data only 
goes outside anonymous.”  
 
Jozé Krol, database manager at LUMC states 
“The difference between a monitoring and a research 
database, is that a monitoring database contains study 
codes AND patient related data. This database is not 
anonymized. The research database only contains 
anonymized data: study codes.” 
 
Tony van de Velde, Database Administrator at AVL states 
“TRIMIS contains information about which patient is 
registered in which trial. However, TRION only contains 
anonymized data.” 
 

Normative 
forces 

Data 
management 

Databases Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“To register all study related information, a database 
called Research Manager is used. This database is only 
used by the Scientific Institute and continuously monitors 
the study status.” 
 
“Everything related to studies is recorded in study 
specific electronic health record forms (eCRFs) Research 
nurses work with these eCRFs to keep track of the 
operations to be executed.”  
 
Jozé Krol, database manager at LUMC states 
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“Based on information in the eCRF and requirements of 
the researcher we develop both a monitoring and a 
research database to support the clinical trial process.” 
 
“At LUMC rheumatology we currently use 4 different 
databases to support the clinical trial process, namely 
ACCESS, EZIS, PROMISe and CASTOR. One database is 
developed as the ‘source database’ and contains patient 
data. The other one is the research database and only 
contains anonymized data.” 
 
Marian Janson, research coordinator at LUMC states 
“We use EZIS to indicate in which trials a patient 
participates. This is then indicated at the front page of 
the specific patient.” 
 
Tony van de Velde, Database Administrator at AVL states 
“TRIMIS is used to register and monitor the study 
statuses.” 
 
“AVL uses 3 different databases to register trials, namely 
TRIMIS, TRION and EZIS. TRIMIS contains information 
about which patient is registered in which trial (not 
anonymized data). TRION is an application which can be 
accessed through the internal webpage. It contains 
anonymized data. Next to this study specific applications, 
eCRFs, are built, which contains clinical data necessary to 
answer the questions for the study.”  
 

Design 
criteria 
(monitor 
study status) 

 Monitor 
study (status) 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“The Scientific Institute is responsible for continuously 
monitoring all studies. It supports doctors from 
beginning to end” 
“There is an obligation to report ANY study at the 
Scientific Institute” 
 
Marian Janson, research coordinator at LUMC states 
“Currently there isn’t a database to record the study 
statuses precisely. I would like to have a database which 
helps me to continuously monitor all open studies. 
Currently a lot is still being registered on paper and in 
folders, which makes it hard for me to exactly know for 
each open study exactly in which phase it is.” 
 
“I hardly use the study statuses available in EZIS, I only 
indicate the start and end of the study. The start is 
indicated with the status explicit permission.” 
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Design 
criteria 
(communicati
on) 

 Data 
Management 
support 

Ellen Rusch, scientific employee at the Scientific Institute 
Martini states  
“Data management takes care of building eCRFs to 
continuously updating study related information.” 
 
“When specific questionnaires are needed, these are 
obtained from data management.” 
 
Jozé Krol, database manager at LUMC states 
“The earlier in the clinical trial process data managers 
are involved the better. They can help determining how 
data can be collected and analyzed and what databases 
need to be developed.” 
 
“Data management has a supporting role throughout 
the whole clinical trial process. When researchers need 
specific data selections or changes in databases, data 
managers reply to this.” 
 
Tony van de Velde, Database Administrator at AVL states 
“I am part of the scientific administration, which 
supports the whole clinical clinical trial process. This 
administration is called the trial agency.”  
 
“When a study is approved by the central approval 
committee and the board of directors, we develop an 
electronic case report form. Based on this we determine 
how the information can be saved in a database.  
 
“Throughout the whole clinical trial process, data 
managers support researchers and doctors in the 
compliance with the study protocol. We support the 
compliance with the protocol by adapting the database 
and eCRFs to this protocol. Also, when certain aspects 
are missing in the eCRF, data management is available 
to adapt the eCRF with query’s .” 

Table 13: Relevant quotes 
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8.4.  Appendix D: Business Process Models 

Business process models have been created of three cases: NKI-AVL, LUMC and Martini.  

8.4.1. NKI-AVL 
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Figure 14: Trial process AVL 
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Figure 15: Study approval (+) AVL 
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Figure 16: Prepare documents (+) AVL 
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Figure 17: Assessment (+) AVL 
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Figure 18: Assessment METC / BOD (+) AVL 
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Figure 19: Prepare start study (+) AVL 
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Figure 20: Inclusion (+) AVL 
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Figure 21: Screen patient (+) AVL 
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Figure 22: Check IC (+) AVL 
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Figure 23: Register Patient (+) AVL 
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Figure 24: Randomization (+) AVL 
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8.4.2. Martini 

 
Figure 25: Trial process Martini 
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Figure 26: Study approval (+) Martini 
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Figure 27: Start WMO research (+) Martini 
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Figure 28: Prepare documents WMO (+) Martini 
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Figure 29: Send forms WMO (+) Martini 
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Figure 30: Study approval WMO (+) Martini 
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Figure 31: Assessment WMO (+) Martini 
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Figure 32: Assess budget WMO (+) Martini 
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Figure 33: Assess budget proposal WMO (+) Martini 
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Figure 34: Assess study contract WMO (+) Martini 
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Figure 35: Collect verdicts (+) Martini 
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Figure 36: Send to PI, BoD, Sponsor, Lawyer (+) Martini 
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Figure 37: Assessment BoD WMO (+) Martini 
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Figure 38: Start Not WMO research (+) Martini 
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Figure 39: Prepare documents not WMO (+) Martini 
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Figure 40: Prepare additional documents (+) Martini 
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Figure 41: Send documents (+) Martini 
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Figure 42: Receive documents (+) Martini 
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Figure 43: Checklist approval (+) Martini 
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Figure 44: Assess documents (+) Martini 

 



109 
 

 
Figure 45: Study approval MEC (+) Martini 
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Figure 46: Create unique study code (+) Martini 
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Figure 47: Prepare start study (+) Martini 
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Figure 48: Inclusion (+) Martini 
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Figure 49: Check IC (+) Martini 
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Figure 50: Treatment (+) Martini 
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8.4.3. LUMC 

 
Figure 51: Trial process LUMC 
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Figure 52: Approval by sponsor (+) LUMC 
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Figure 53: Study approval (+) LUMC 
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Figure 54: Prepare documents (+) LUMC 
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Figure 55: Prepare singlecenter WMO study (+) LUMC 
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Figure 56: Prepare multicenter WMO study, LUMC assesses (+) 
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Figure 57: Prepare multicenter WMO study, LUMC participates(+) 
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Figure 58: Prepare not WMO study (+) LUMC 
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Figure 59: Send documents to METC (+) LUMC 
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Figure 60: Assessment METC (+) LUMC 
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Figure 61: Prepare start study (+) LUMC 
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Figure 62: Build appropriate databases (+) LUMC 
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Figure 63: Inclusion (+) LUMC 
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Figure 64: Check IC (+) LUMC 
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Figure 65: Treatment (+) LUMC 



130 
 

 
Figure 66: Check amount of patients (+) LUMC 
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8.5.  Appendix E: Business process model comparison 

Resources Roles 
I Input PI Principal Investigator 
O Output DM Data Management 
DB Database S Sponsor 
  AC Approval Committees 
  CA Care Administration 
  SA Scientific Administration 
  SC Scientific Committee 
  SI Scientific Institute 
  C Client 
  M Manager RRU / Chief of department  
  D 

E 
Doctor 
Executor 

  RD Research Doctor 
  EE Eligibility Employee 
  FA Financial Administration 
  RRU Result Responsible Unit 
    
    

Similar 
Similar – different roles/resources 
Similar – different position in process 
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8.5.1. Comparison Trial Process 

Differences LUMC Role Resources Martini  Role Resource
s 

NKI-AVL Role Resources 

 Trial idea PI START Trial idea PI START Trial idea PI START 

2a Submit draft protocol for 
approval 

PI Draft 
protocol 
(O) 

 
 

     

2a Receive draft protocol SC Draft 
protocol  
(I) 

      

2a Draft protocol approval SC Draft 
protocol 
(I) 

      

2a IF REJECTION 
Send message 
about rejection 

SC        

2a Receive message 
about rejection 

PI        

2a Trial aborted PI END       

2a IF APPROVAL, NO 
SPONSOR 

Send message to 
PI about approval 

SC        

2a Receive message 
about approval 

PI        

2a Elaborate on 
study protocol 

PI Draft 
protocol 
(I), 
Protocol 
(O) 
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3g Submit protocol for 
approval 

PI Protocol 
(O) 

Submit 
protocol for 
approval 

PI Protocol 
(O) 

Submit protocol for 
approval 

PI Protocol (O) 

2a IF APPROVAL, SPONSOR 
Submit draft 
protocol for 
approval of 
sponsor 

SC Draft 
protocol 
(O) 

      

2a Receive draft 
protocol 

S Draft 
protocol 
(I) 

      

2a Approval by 
sponsor (+) 

S        

2a Trial aborted S END       

1a Receive protocol SC Protocol 
(I) 

Receive 
protocol 

SI Protocol 
(I) 

Receive protocol SA Protocol (I) 

2a       Create unique study 
code 

SA TRIMIS (DB) 

1a, 2a, 4a    Update study 
status to 
Pending 

SI Research 
Manager 
(DB) 

Update study status 
to Pending 

DM TRIMIS (DB) 

1a Study approval (+) AC  Study 
approval (+) 

SI  Study approval (+) AC  

1a Trial aborted SC END Trial aborted SI END Trial aborted PI END 

1a Inform stakeholders about 
study 

SC  Inform 
stakeholders 
about study 

SI  Inform stakeholders 
about study 

SA  

2a    Determine if 
study code 
needs to be 
created in 
EZIS 

SI     
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2a    Create unique 
study code 

CA     

2a       IF TIMEMOUT 
Withdraw 
protocol 

PI  

2a       Trial aborted PI END 

1a, 2a, 4a    Update study 
status to 
Open 

SI Research 
Manager 
(DB) 

Update study status 
to Open 

DM TRIMIS (DB) 

1a Prepare start study (+) SC  Prepare start 
study (+) 

RN  Prepare start study 
(+) 

DM  

1a Inform PI about start 
study 

SC  Inform PI 
about start 
study 

RN  Inform PI about start 
study 

DM  

2a Build appropriate 
database(s) (+) 

DM        

 Inclusion (+) PI  Inclusion (+) PI  Inclusion (+) PI  

 Patient receives normal 
treatment 

PI END Patient 
receives 
normal 
treatment 

PI END Patient receives 
normal treatment 

PI END 

2a       IF ERROR 
Trial aborted 

PI END 

 Treatment (+) PI  Treatment (+) PI  Treatment PI  

1a, 4a Check amount of patients 
(+) 

PI  Check amount 
of patients 

PI Patient 
list (ISF) 

Check amount of 
patients 

DM Protocol (I) 

2a Inform METC about study 
closure 

SC        
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1a, 2a, 2b, 
4a 

   Update study 
status to 
Follow-Up 

SI Research 
Manager 
(DB) 

Update study status 
to Closed 

DM TRIMIS (DB) 

1a, 2a, 2c    Close 
Database 

Statistician 
& PI 

 Check completeness 
of data 

DM  

    Update data DM  

1a, 2a    Copy data for 
analysis 

Statistician 
& PI 

 Copy data for 
analysis 

DM  

1a, 2a    Data analysis Statistician 
& PI 

 Data analysis DM  

2a    Write final 
report 

PI Study 
report 
(O) 

Write final report PI Study report 
(O) 

2a    Write article 
for 
publication 

PI Study 
article 
(O) 

Write article for 
publication 

PI Study article 
(O) 

1a, 2b, 4a Update study status to 
Closed 

SC EZIS (DB) Update status 
to Closed 

SI Research 
Manager 
(DB) 

Update study status 
to Completed 

DM TRIMIS (DB) 

1a End trial SC END End trial SI END End trial DM END 
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8.5.2. Comparison Study Approval 

Differences LUMC
  

Role Remarks Martini - 
WMO 

Role Remarks Martini – not 
WMO 

Role Remarks NKI-AVL Role Remarks 

1a, 2b Study SC START WMO study SI Start Not WMO 
study 

SI START Study PI START 

2a       Fill out and 
sign checklist 
not WMO 
study 

PI Checklist 
(I, O) 

   

2a    Send 
research 
proposal 

C Research 
Proposal 
(O) 

      

2a    Receive 
research 
proposal 

RRU Research 
Proposal 
(I) 

      

2a    Sign research 
proposal 

RRU Research 
Proposal 
(I) 

      

1a, 3g, 4a Prepare 
documents 
(+) 

SC Checklist 
documents 
(I) 

Prepare 
documents 
(+) 

SI Research 
Manager 
(DB) 

Prepare 
documents 
(+) 

PI Research 
Manager 
(DB) 

Prepare 
documents 
(+) 

PI  

1a, 2a, 3c Receive 
documents 

METC     Receive 
documents 
(+) 

SI     

2a    Update study 
status to 
Registration 

SI Research 
Manager 
(DB) 

Update study 
status to 
Registration 

SI Research 
Manager 
(DB) 

   

2a       Study 
approval 
manager 

M     

2a       Checklist 
approval 

SI     
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2a       Rejection MEC END    

2a       Send 
confirmation 
of 
application 

MEC     

2a       Receive 
confirmation 
of 
application 

PI     

2a    Create study 
dossier 

SI Research 
Manager 
(DB) 

Create study 
dossier 

SI Research 
Manager 
(DB) 

Create study 
dossier 

PI  

1a, 3c          Receive 
documents 

AC  

2a    Link research 
to unique 
study 
number 

SI Research 
Manager 
(DB) 

Link research 
to unique 
study 
number 

SI Research 
Manager 
(DB) 

   

1a, 2b Assessment 
(+) 

METC  Study 
approval (+) 

SI  Study 
approval 
MEC (+) 

MEC  Assessment 
(+) 

AC  

1a Rejection METC END Rejection SI END Rejection C END Rejection AC END 

1a, 2a    Save written 
approval 

SI Research 
Manager 
(DB) 

Save written 
approval 

SI Research 
Manager 
(DB) 

Save written 
approval 

AC  

2a    Update study 
status to 
Approved 

SI Research 
Manager 
(DB) 

Update study 
status to 
Approved 

SI Research 
Manager 
(DB) 

   

1a Approval METC END Approval SI END Approval SI END Approval AC END 
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8.5.3. Comparison Prepare Documents 

LUMC (WMO) 
singlecenter 

LUMC (WMO) 
Multicenter, 
LUMC assesses 

LUMC (WMO) 
Multicenter,  
LUMC participates 

LUMC (not WMO) Martini (WMO) Martini (not WMO) NKI-AVL 

Letters Letters Letters    Letters 

   Submission letter    

     Checklist  

Eudract form Eudract form     Forms 

ABR form ABR form ABR form  ABR form  

Research 
Protocol 

Research 
Protocol 

Research Protocol Research Protocol Research Protocol  Research protocol 

PIF PIF PIF PIF PIF PIF PIF 

Product 
information 

Product 
information 

Product 
information 

   Product 
information 

Insurance 
certificate 

Insurance 
certificate 

Insurance 
certificate 

 Insurance certificate  Insurance 
certificate 

CV CV CV    CV 

Contract 
Sponsor 

Contract Sponsor Contract Sponsor Contract Sponsor Contract Sponsor  Contract Sponsor 

 Information 
participating 
facilities 

    Information 
participating 
facilities 

      Safety information 

Research 
statement 

 Research 
statement 

 Research statement  Research 
Statement 

Questionnaires Questionnaires Questionnaires Questionnaires  Questionnaires Questionnaires 

Approval 
scientific 
committee 

Approval 
scientific 
committee 

Approval assessing 
committee 

Approval scientific 
committee 

METC verdict  Study co 

Budget Budget Budget Budget Reimbursement 
overview 

 Financial 
information 

Other forms Other forms Other forms Other forms   Other forms 
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8.5.4. Comparison Assessment 

Differences LUMC Role Remarks Martini - 
WMO 

Role Remarks Martini – not 
WMO 

Role Remarks NKI-AVL Role Remarks 

1a, 2b Study METC START WMO study SI START Not WMO 
study 

MEC START Study BoD START 

1a, 2a External 
Assessment 

METC  Assessment 
(external) 
(+) 

AC     IF WMO 
Assessment 
(external) 
(+) 

METC  

1a, 3c       Assessment 
(internal) (+) 

MEC     

2a       Request 
additional 
information/ 
adjustments 

MEC     

2a       Provide 
requested 
information 

PI     

2a    Send 
negative 
advice to 
Bod 

SI        

2a       Inform client 
about 
rejection 

MEC     

1a, 2a    Rejection SI END   END Rejection METC END 

2a    Send 
positive 
advice to 
BoD 

SI        
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2a    Send 
documents 
to BoD 

SI        

2a    Update 
study 
information 

SI        

2a    Receive 
documents 

BoD        

1a, 3c Internal 
Assessment 

Internal 
METC 

 Assessment 
BoD 
(internal) 
(+) 

BoD     Assessment BoD 
(internal) (+) 

BoD  

1a Study 
assessed 

METC END Rejection BoD END Rejection MEC  Rejection BoD END 

1a, 2a    Send 
written 
approval 

BoD Written 
approval 
(O) 

Send written 
approval 

MEC Written 
approval 
(O) 

Send written 
approval 

BoD Written  
approval 
(O) 

1a, 2a    Approval BoD END Approval MEC END Approval BoD  END 
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8.5.5. Comparison Prepare start study  

Differences LUMC Role Remarks Martini Role Remarks NKI-AVL Role Remarks 

1a Approved study SC START Approved study RN START Approved study DM START 

1a Make 
investigator site 
file (ISF) 

SC / S ISF (O) Make investigator 
site file (ISF) 

RN ISF (O) Make investigator 
site file (ISF) 

DM ISF (O) 

1a Create detailed 
description of 
study procedure 

RN & 
SC 

Study 
procedure 
(O) 

Create detailed 
description of 
study procedure 

RN Study 
procedure (O) 

Create detailed 
description of study 
procedure 

PI Study 
procedure 
(O) 

1a Develop eCRF RN eCRF (O) Develop eCRF RN eCRF 
(O)
  
Research 
Manager (DB) 

Develop eCRF DM eCRF (O) 
TENALEA 
(DB) 

1a Develop CRF RN CRF (O) Develop CRF RN CRF (O) 
Research 
Manager (DB) 

Develop CRF DM CRF (O) 
TENALEA 
(DB) 

1a Study prepared SC END Study prepared RN END Study prepared DM END 
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8.5.6. Comparison Inclusion 

Differences LUMC Role Remarks Martini Role Remarks NKI-AVL Role Remarks 

1a Incoming patient D START Incoming patient RN START Incoming patient D START 

1a, 4a Screen patient D Intranet 
(DB) 

Screen patient RN  Screen patient D  

1a Patient not 
included 

D END Patient not 
included 

RN END Patient not included D END 

2a       Trial aborted D END 

1a Inform patient 
about the trial 

D  Inform patient 
about the trial 

RN  Inform patient about 
the trial 

D  

 Ask patient if 
interested 

D  Ask patient if 
interested 

D  Ask patient if 
interested 

D  

 Patient not 
included 

D END Patient not 
included 

D END Patient not included D END 

1a Give PIF D PIF (O) Give PIF RN PIF (O) Give PIF D PIF (O) 

1a, 2a, 2b Inform PI about 
eligible patient 

D     Request eligibility 
check 

D  

1a, 2a, 2b Receive message 
patient is eligible 

PI     Receive eligibility 
order 

EE  

2a    Explain study to 
the patient into 
detail 

RN     

1a, 2a Ask patient if 
interested in 
participation 

PI  Ask patient if 
interested in 
participation 

RN     

1a, 2a Patient not 
included 

PI END Patient not 
included 

RN END    

2a Plan intake with 
research doctor 

PI        

2a Inform research 
doctor about intake 

PI        

2a Intake with patient RD        
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1a Check IC RD  Check IC RN  Check IC EE  

1a Patient not 
included 

RD END Patient nog 
included 

RN END Patient not included EE END 

2a Update study 
status to explicit 
permission 

RD EZIS (DB)       

2a    Give signed IC to 
patient 

RN     

2a    Archive signed IC RN     

1a, 4a Second Check 
inclusion criteria 

RD Protocol (I) Second Check 
inclusion criteria 

E (e)CRF (I) Second Check 
inclusion criteria 

EE Eligibility 
Questionnaire (I) 

1a Patient not 
included 

RD END  Patient not 
included 

E END  Patient not included EE END  

2a       Inform PI EE  

2a       Register patient DM  

2a       Request 
randomization 

PI  

1a, 2a    Randomization E  Randomization DM  

1a Update (e)CRF RN (e)CRF (I, O) Update (e)CRF RN (e)CRF (I, O) Update (e)CRF DM (e)CRF (I, O) 

2a    Explain follow-up 
to the patient 

RN     

2a Request DM 
support 

RN        

2a Deliver DM support DM        

1a Patient included RN END Patient included RN END Patient included DM END 
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8.5.7. Comparison Treatment 

Since NKI-AVL indicated the administrative details of this part of the trial process are too complex, the interviewee did not elaborate on any details of the 
treatment process. There for, NKI-AVL is not considered in the identification of differences for this sub process.  
 

Differences LUMC  Role Remarks Martini Role Remarks NKI-AVL Remarks 

 Included patient PI / D START Included patient PI START No sub 
process 

 

1a, 2b OR 
Perform operations 

RN  Request 
operations 

PI Studycode   

OR 
Perform 
operations 

PI  / D       

2e List operations PI  / D  List operations 
per quarter 

FA Operations 
overview (O) 

  

2a Link 
operations to 
trial DBC 

FA       

2a    Make overview 
of costs and 
revenues 

SI Invoice (O)   

2a    Send invoice to 
the sponsor 

SI    

1a Patient treated PI / D END Patient treated SI END   
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8.5.8. Comparison Study Status 

Throughout the trial process several statuses are used to keep track of the progression of a study. This means the activity “Update study status to […]” occurs 
regularly. However, all hospitals use different statuses to support this monitoring purpose, which are listed below.  
 

Differences LUMC Meaning Role Martini Meaning Role NKI-AVL Meaning Role 

1a, 2a    Pending BEFORE protocol 
approval 

Scientific 
Institute 

Pending BEFORE protocol 
approval 

Data 
management 

2a    Registration DURING 
protocol 
approval 

Scientific 
Institute 

   

1a, 2a, 2c    Approved AFTER protocol 
approval 

Scientific 
Institute 

Open AFTER protocol 
approval 
Patients can be 
included 

Data 
management 

    Open Patients can be 
included 

Scientific 
Institute 

2a Explicit 
Permission 

Patient is 
included 

Research 
doctor 

      

2a       Suspended Temporarily 
abort trial 

Data 
management 

1a, 2a    Follow-up Required 
amount of 
patients is 
reached, 
inclusion closed 

Scientific 
Institute 

Closed Required 
amount of 
patients is 
reached, 
inclusion closed 

Data 
management 

1a Closed Study 
completed 

Scientific 
Committee 

Closed Study completed Scientific 
Institute 

Completed Study completed Data 
management 
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8.6.  Appendix F: Differences analysis 

8.6.1. Trial process 

Differences for the overall trial process of LUMC, Martini and AVL. This process represents the overall 
activities to be performed in a trial process. Some activities have been elaborated on into more detail 
in so called sub processes. These sub processes are discussed in following sections.  
 
 Authorization Differences 
 
Different roles 
Equivalent activities are executed by different roles in different processes.  
 

Activity LUMC Martini AVL 
Receive protocol 
 

Scientific Committee Scientific Institute Scientific 
Administration 
 

Update study status to Pending Skipped Scientific Institute Data Management 
 

Study approval 
 

Approval Committees Scientific Institute Approval Committees 

Trial aborted (END) 
 

Scientific Committee Scientific Institute Principal Investigator 

Inform stakeholders about study 
 

Scientific Committee Scientific Institute Scientific 
Administration 

Prepare start study 
 

Scientific Committee Research Nurse Data Management 

Inform PI about start study 
 

Scientific Committee Research Nurse Data Management 

Check amount of patients 
 

Principal Investigator Principal Investigator Data Management 

Update study status to Follow-
Up 
 

Skipped Scientific Institute Data Management 

Close Data base  Skipped Statistician & 
Principal Investigator 
 

Data Management 

Copy data for analysis  Skipped Statistician & 
Principal Investigator 
 

Data Management 

Data Analysis Skipped Statistician & 
Principal Investigator 

Statistician & Principal 
Investigator 

    
Update study status to Closed 
 

Scientific Committee Scientific Institute Data Management 

End trial (END) Scientific Committee Scientific Institute Data Management 

 
 
 



147 
 

Scientific department. All hospitals have some kind of scientific department, but the formation and 
naming differ. However the idea behind all departments is the same: a centralized department to 
coordinate all work related to trials. For LUMC it is the scientific committee, for Martini the scientific 
institute and for AVL the scientific administration.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
The idea behind all scientific departments is the same: a centralized department to coordinate all 
work related to trials. 

 
Data Management. Part of this scientific department is data management. The formation of this sub 
department also differs for each hospital. At LUMC it is quite a small department of 2 employees 
(supported by students), at Martini data management is one of the responsibilities of the coordinators 
of the scientific institute. As opposed to AVL, Martini has a specialized statistician responsible for the 
final data analysis.  AVL has a comprehensive sub department for data management. This department 
is also responsible for data analysis. However, the effect is the same, namely managing all data related 
to trials. All hospitals can decide on their own whom they allow to update data in their databases, 
which explains different roles at some points of the trial process. However, the support of this 
department throughout the trial process is fundamental. 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This difference is not an issue which can be resolved through modelling. However, it is an important 
issue to be considered through the final recommendations / analysis of the survey. 

 
Approval committees. All trials have to be approved by a few parties, which is legally obliged. Some 
parties’ approval is obliged by law for a study to be executed. This differs for WMO and not WMO 
research. For WMO research approval of a recognized METC is required, local feasibility has to be 
approved and the board of directors has to approve the study. For not WMO research the guidelines 
are less strict, every hospital can decide on their own policy for the approval of not WMO studies. 
Martini chooses to assess not WMO research with the approval of MEC, an internal advisory 
committee. NKI-AVL chooses to let the board of directors assess not WMO research. Most hospitals 
set up some kind of internal, ethical approval committee for not WMO research. Approval of the 
board of directors is not required for not WMO research, however some hospitals choose to require 
their approval (part of the policy), like AVL does. 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
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Comments 
Next to the parties whose approval is required by law, healthcare facilities can decide on their own 
what additional parties need to give their approval. This was explored further through the survey. 

 
Research Nurse. At Martini hospital, three research nurses are continuously working with trials and 
patients included in trials. This means they know all ins and outs related to trials and research and 
might have more responsibilities than research nurses (if any) in other hospitals. In other hospitals, 
parties like research doctors and principal investigators might have more responsibilities.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
These role differences are not an issue, it depends on the policy for trials a healthcare facility 
decides on. 

 
Activity Differences 
 
Skipped activity 
An activity exists in one process, but not in another process. Activities marked in grey represent 
differences which are not fundamental.   
 

Activity LUMC Martini AVL 
Submit draft protocol for 
approval  
 

X Skipped skipped 

Receive draft protocol X Skipped Skipped  
 
Draft protocol approval 

 
X 

 
Skipped 

 
Skipped 

IF REJECTION 
Send message about 
rejection 
 
Receive message bout 
rejection 
 
Trial aborted (END) 

 

X Skipped Skipped 

IF APPROVAL, NO SPONSOR 
Send message to PI 
about approval 
 
Receive message about 
approval 
 
Elaborate on study 
protocol 

X Skipped Skipped 
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IF APPROVAL, SPONSOR  

Submit draft protocol 
for approval of sponsor 
 
Receive draft protocol 
 
Approval by sponsor 
 
Trial aborted (END) 

 

X Skipped Skipped 

Create unique study code 
 

Skipped Skipped X 

Update study status to Pending 
 

Skipped X X  

Determine if study code needs 
to be created in EZIS  
 

Skipped X Skipped 

Create unique study code (in 
EZIS) 
 

Skipped X Skipped 

IF TIMEOUT 
Withdraw protocol  
Trial aborted (END) 

 

Skipped Skipped X 

Update study status to Open 
 

Skipped X X 

Build appropriate databases 
 

X Skipped Skipped 

IF ERROR (insufficient patients) 
Trial aborted (END) 
 

Skipped Skipped X 

Inform METC about study 
closure 

X Skipped Skipped 
 
 

Update study status to Follow-
Up 
 

Skipped X X 
 

Check completeness of data Skipped  
X 

X 
 

Update data Skipped  X 
 

Copy data for analysis Skipped X X 
 

Data analysis Skipped X X 
 

Write final report Skipped X X 
 

Write article for publication Skipped X X  
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Draft protocol. Martini and NKI-AVL immediately start to work with a final protocol. The sub step of 
also approving the draft protocol only delays the process and is not necessary.  Both Martini and NKI-
AVL confirmed this is a redundant activity.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Healthcare facilities can choose whether they want to include this additional step in the process, it 
is not an obligation. 

 
Sponsor approval. Sponsor approval is part of the required study approval and. Martini and AVL choose 
to involve the sponsor for approval at a later moment in the trial process  (after a protocol has been 
fully elaborated on) than LUMC does. Sponsor approval is a fundamental activity, but can occur at 
different moments in the trial process. 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Sponsor approval is a fundamental activity, but can occur at different moments in the trial process.  

 
Inform stakeholders about study. After a second interview with Martini and NKI- AVL, it proved to be 
fundamental that, after a study is approved, all involved stakeholders are informed about the new 
trial.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
After verification, this difference proved to be fundamental and needed to be resolved.    

 
Study code. If other departments are involved in the research, part of the operations executed for the 
trial are part of the regular care process.  When this is the case, Martini creates a study code in EZIS. 
This study code is used for requesting operations for trials. In this way the operations executed for 
trials remain separated from operations executed for regular care. The difference with the study 
number for Martini, which is developed during ‘study approval’, is the study number is a METC 
number attached to a study when it is approved by the METC. This enables an overview of the studies, 
everywhere in the hospital all information related to the specific study can be traced with this study 
number (instead of the study code in EZIS solely being created to make sure trial care and regular care 
remain separated).  
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NKI-AVL also creates a unique study code which is used for internal communication about a trial. It 
makes it easier to trace back a study, based on this code. However, this code is not used to request 
operations. It can be compared to the study number created by Martini. NKI-AVL does not have a 
working procedure yet to ensure the separation of experimental and regular care.  
 
It is fundamental to separate operations executed for regular care and operations executed for trials. 
This is one way to do this, however other hospitals can choose to do it in a different way. The effect, 
the separation, is fundamental. Also, an overall study code to ensure efficient communication on the 
studies and easy access to all study related information, is also fundamental.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Creating a (unique) study code for each trial is considered to be a fundamental activity to ensure 
the separation of regular and experimental care and efficient communication. There for this feature 
was included in the survey.    

 
Withdraw protocol . NKI-AVL specifically indicates a researcher can choose to withdraw a protocol 
when the study is being approved. This happens occasionally. It does not happen often, which explains 
why only NKI-AVL specifically named the possibility, but it can happen so should be included in the 
process model.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
Not including this situation is a typical example of only modelling the ‘sunny day scenario’. All 
though it is not a common situation, it is possible and should be included in the business process 
model.    

 
ERROR insufficient patients. Verification proved receiving this error message is not possible for Martini, 
since already during study approval it is checked how many patients are available and suitable for the 
trial. The trial is not executed to begin with, if there are insufficient suitable patients which can be 
included.   
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
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The two imply the same effect. It is necessary sufficient patients are available for a trial. Martini 
chooses to secure this beforehand, a study is not executed if insufficient patients are available. 
Other hospitals might choose to still execute a study and temporarily abort it when insufficient 
patients are available. However, modelling this activity in this specific way is not fundamental. 

 
Build appropriate databases. Martini primarily uses one database, research manager. The use and 
access to this database is managed by the Scientific Institute. If certain adjustments are necessary they 
are the ones giving advice about this / executing this. This activity, database support, is part of overall 
data management and there is no need for separately modelling this activity.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Database support is an ongoing activity, not an activity occurring at one specific moment.  

 
Inform METC about study closure. After study closure, METC needs to be informed about the study 
being finished.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
It is required by law to inform the METC about study closure. This means this difference needs 
resolution.  

 
Check completeness of data / update data. Martini also executes these activities, just like NKI-AVL, but 
they collect these separate activities in the activity “close database”, followed by making a copy of the 
data (for analysis) and the data analysis. LUMC did not elaborate on activities after the inclusion has 
ended. However it can be assumed data is also analyzed as a base for a study report, since this is the 
goal of all trials: testing hypotheses and publish results in a study report. In this way healthcare can be 
innovated.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved – Modelling  

 Other 
 

Comments 
It can be assumed this is a required activity which should be included in the process models (as 
confirmed by both NKI-AVL and Martini).  Whether this should be supported in a software solution, 
was researched through the survey.  
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Write final report / article for publication. As already discussed, the goal of a trial is to publish results in 
a report and/or an article. The described results can be used to innovate the care process. This final 
report / article is the result of a trial.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved – Modelling  

 Other 
 

Comments 
It can be assumed this is a required activity which should be included in the process models (as 
confirmed by both NKI-AVL and Martini).   

 
Interchanged activity 
An activity in one process, is another activity in other process but they have the same effect.  
 

Activity LUMC Martini AVL 
Update study status to Follow-
Up 
 

Missing X Closed 

Update study status to Closed 
 

Closed Closed Completed 

 
Update study status to Follow-up / Closed. Since using the study statuses closed and completed might 
be confusing, it would be better to use a different naming. Follow-up and Closed seem more logical 
and clear. The use of these separate statuses seems fundamental. This can be further proven with the 
survey.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Refined Activity 
 

Activity LUMC Martini AVL 
Close database 
 

Missing X Update data AND 
Check completeness of 
data 

 
Close database. The naming difference between Martini and AVL is not fundamental. The fact LUMC 
skips this activity is fundamental (as discussed before).  
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Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Process flow already implies receiving the message, this does not need be modelled separately. 
Redundant activities only decrease overall clarity of the business process model.  

 
Control Flow Differences 
 
Different start of process 
If one process allows an activity to be executed from the start of the process, while the other process 
doesn’t.  
 

Activity LUMC Martini AVL 
Submit protocol for approval  
 

Draft protocol 
approval 

Trial Idea (START) Trial idea (START) 

 
Submit draft protocol for approval. For both Martini and AVL, the activity ‘submit protocol for approval’ 
represents the first activity to be executed in the trial process. The activity follows immediately after 
the start event ‘trial idea’.  However, for LUMC, between the start event ‘trial idea’ and activity 
‘submit protocol for approval’ a sequence of activities has to be executed to reach approval of the 
draft protocol before the final protocol is submitted for approval. This implies a few extra steps in the 
trial process and a hospital can decide on their own whether or not to spend time on approving the 
draft version of a protocol before approving the final protocol. Martini deliberately chooses not to do 
this to speed up the process. In their opinion this is an redundant sequence of activities.   
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Since this range of activities is a free choice, and the final protocol is extensively assessed, this is 
considered not to be a fundamental range of activities. 

 
Resource differences 
 
Input differences 
Activities have the same effect, but different resources are used to reach this effect / to execute the 
activity. 
 

Activity LUMC Martini AVL 
Update study status (to Pending, 
Open) 
 

Skipped Research Manager 
(DB) 

TRIMIS (DB) 

Check amount of patients Nothing Patient List Protocol 
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Update study status to Closed 

 
EZIS (DB) 

 
Research Manager 
(DB) 

 
TRIMIS (DB) 

 
Databases. All hospitals use different databases to support the trials process, as indicated in Table 7: 
Databases.  It shows throughout the trial process (data objects). 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Currently healthcare facilities use all kinds of databases to support the trial process. To find a 
generic software solution, more should be known about the use of databases.   

 
Resources. Healthcare facilities can choose whether or not they use certain aids like checklists and 
what the content of these resources is. This results in some differences.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
These differences are not an issue and a result of the choices healthcare facilities make. There is no 
generic part in this case.  

8.6.2. Study approval 

Differences for the sub process “study approval” of the overall trial process of LUMC, Martini and AVL.  
 
Authorization Differences 
 
Different Roles 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Study (START) 
 

Scientific Committee Scientific Institute Scientific Institute Principal 
Investigator 
 

Prepare documents Scientific Committee Scientific Institute Scientific Institute Principal 
Investigator 

     
Receive documents 
 

METC Skipped Scientific Institute Approval 
Committees 

Create study 
dossier 

Skipped Scientific Institute Scientific Institute Principal 
Investigator 
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Assessment / study 
approval 

METC Scientific Institute MEC Approval 
Committees 

     
Rejection (END) METC Scientific Institute Client Approval 

Committees 
 

Save written 
approval 
 

Skipped Scientific Institute Scientific Institute Approval 
Committees 

Approval (END) METC Scientific Institute Scientific Institute Approval 
Committees 

 
The role differences regarding the scientific department and approval committees have already been 
discussed. 
 
Activity Differences 
 
Skipped activities 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Fill out and sign 
checklist not WMO 
study 
 

Skipped Skipped 
 

X 
 

Skipped 

Send research 
statement 
 

Skipped (part of 
document 
preparation) 

X Skipped Skipped  
(part of 
document 
preparation) 
 

Receive research 
statement 

Skipped X Skipped Skipped 
 

     
Sign research 
statement 

Skipped X Skipped Skipped 
 

     
Receive documents 
 

X Skipped X X 

Update study 
status to 
Registration 

Skipped X X Skipped 

 
Study approval 
manager 

 
Skipped 

 
Skipped 

 
X 

 
Skipped 

     
Checklist approval Skipped Skipped X Skipped 
     
Send confirmation 
of application 
 

Skipped Skipped X Skipped 
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Receive 
confirmation of 
application 
 

Skipped Skipped X Skipped 

Create study 
dossier 
 

Skipped X X X 

Link research to 
unique study 
number 
 

Skipped X X X  
(earlier in the 
process) 

Save written 
approval 
 

Skipped X X X 

Update study 
status to Approved 

Skipped X X X  
(part of study 
status “Open”) 

     
     

 
 
Checklist not WMO study. This checklist is a replacement of the study protocol which is used in WMO 
research. Fulfilling this checklist actually results in a document similar to a study protocol. This 
checklist has been developed by the Martini hospital based on the legislation around not WMO 
research. Nowadays, a national not WMO checklist exists and the checklist developed by Martini 
served as input. This means other hospitals can now also make use of this convenient checklist to set 
up (a protocol for) not WMO trials.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Healthcare facilities can each decide whether or not they want to use this checklist. It is not an 
obligation, just a helpful resource. 

 
Assess Research Statement. Approving the research statement is obliged by law, however, Martini 
chooses to do this before assessing feasibility to speed up the process. Other hospitals choose to do it 
in another order (part of the assessment process).  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
The activity is fundamental for WMO research. However, at what moment in the trial process it is 
executed does not matter.  
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Receive documents . This separate activity is not modelled for Martini, WMO trials. However, these 
documents are prepared by the department who should also receive them, so sending / receiving 
them is not needed to be modelled separately.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This activity does not need to be modelled. However, it’s no issue.    

 
Update study status to Registration. Martini considers this study status to be a fundamental one 
because using this separate study status is the only way to be able to see what trials are currently 
being assessed. This helps to monitor all trails and their progression, by their study status. Therefore it 
is chosen to incorporate this study status in the survey. NKI-AVL only uses the study status “Pending” 
to indicate the trial is not approved yet (no study status in between pending and open, when the trial 
is approved).  This depends on how closely a hospital wants to follow the current phase a study is in.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Study approval manager. The law obliges a study to be approved by some parties. WMO research has 
to be approved by a recognized METC. Not WMO research does not have to be approved by a 
recognized METC and healthcare facilities decide on their own policy regarding the assessment of not 
WMO research.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
What parties are involved for approval of trials besides the required parties, depends on the specific 
policy of each healthcare facility.  

 
Checklist approval. A study protocol is a fundamental document for all trials. In this case, the protocol 
is replaced by a checklist, which is a fundamental document for not WMO research for Martini. 
Therefore, the approval of this document is necessary for the trial to be executed.  
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Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Overall, the official approval of not WMO studies is obliged. The approval of, in specific, this 
checklist is not (only when it replaces the protocol).  

 
Send / receive confirmation of application. At Martini, not WMO research is assessed by MEC. When 
MEC receives an application for a not WMO study, they send a confirmation of this application, which 
in turn is received by the department who sent the study for approval to MEC. This is not a 
fundamental activity to be modelled and, as explained above, is dependent on the choice for the 
policy on not WMO trial approval.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This activity does not need to be modelled. However, it’s no issue.    

 
Create study dossier. It is obliged to save all documents related to a trial, this can be done either 
digitally or on paper. Martini saves all current research related documents in Research Manager. Old 
study related documents are saved in a digital archive (a hard drive). NKI-AVL still mostly uses paper 
archives to save trial information (in the ISF). Documents which require an official autograph are saved 
in a paper archive (ISF).  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
It is obliged to create a study dossier. Whether or not healthcare facilities need support to enable 
creating a digital study dossier was researched through the survey. 

 
Link research to unique study number. This study number is a METC number which is attached to a 
study. With this unique number it is possible trace back everything related to a specific trial 
everywhere at any time, with the use of this unique study number. Such a number is used by both 
Martini and NKI-AVL. The difference is Martini also attaches operations to this study code, to make 
sure regular and experimental care remain separated.  
 

Difference Resolution 

 Correct Difference  Difference Remains (no issue) 
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 Difference not fundamental 

 Other 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Creating a (unique) study code for each trial is expected to be a fundamental activity to ensure the 
separation of regular and experimental care and efficient communication. There for this feature 
was included in the survey.    

 
Save written approval. When a study is approved, a written approval is saved. This is obliged by law, 
making it a fundamental activity to be executed.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
Since this activity is required by law, it modelling change was required.  

 
Update study status to approved. Like the other study statuses, this one is also fundamental for the 
hospitals who choose to use it. It is the only way to find all trials currently approved, open for inclusion 
in little time.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Interchanged activity 
An activity in one process, is another activity in another process but they have the same effect.  

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Study (START) Study WMO study Not WMO study Study 
 

Assessment / study 
approval 
 

Assessment Study Approval Study Approval 
MEC 

Assessment 

 
Study (START). All approval processes start with a study to be approved, having the same effect. 
However, Martini specifically differentiates between WMO studies and not WMO studies at this point 
in the process (so do LUMC, and NKI-AVL but at a later point in the process).  
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Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
In all cases, study approval starts with a study (WMO / not WMO).  

 
Assessment / Study Approval. For all hospitals, the study has to be approved before it can be executed. 
This is why, in the main process, all hospitals have an activity “study approval”. However, the sub 
processes looks different for each of them. This activity represents another sub process to cover the 
actual approval process, in which is specified what factors are taken into consideration to approve the 
study and who assesses what.  This means the effect of all of the activities is the same: the study is 
approved or rejected. However the detailed interpretation differs (leading to differences in naming of 
the overarching approval activity).  

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This activity does not need to be modelled. However, it’s no issue.    

 
 
Control Flow Differences 
 
Different start of the process 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Prepare documents 
 

Study (START) Research statement  
approval  

Checklist approval  Study (START) 

 
Assess Research Statement. Approving the research statement is obliged by law, however, Martini 
chooses to do this before assessing feasibility to speed up the process. Other hospitals choose to do it 
in another order (part of the assessment process). As already discussed by the “skipped activity” 
difference, this is not an issue.  
 
Resource differences 
 
Input differences 
Activities have the same effect, but different resources are used to reach this effect / to execute the 
activity. 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 



162 
 

Prepare documents 
 

Checklist documents Research Manager 
(DB) 

Research Manager 
(DB) 

Nothing 

 
To prepare the documents required for submitting the study for approval, resources are used. LUMC 
uses a checklist to make sure all required documents are collected before the final submission. Martini 
uses their trial Database, Research Manager, to support the preparation of the required documents. 
AVL does not use anything / it is not known what resources AVL uses. These database / resource 
differences were already discussed.  
 

8.6.3. Prepare documents 

Differences for the sub process “Prepare documents” of the overall trial process of LUMC, Martini and 
AVL. 
 
Activity Differences 
 
Interchanged activity 
An activity in one process, is another activity in other process but they have the same effect.  
 
 

Document LUMC 
(WMO) 
singlecenter 

LUMC 
(WMO) 
Multicenter, 
LUMC 
assesses 

LUMC 
(WMO) 
Multicenter, 
LUMC 
participates 

LUMC (not 
WMO) 

Martini 
(WMO) 

Martini 
(not 
WMO) 

NKI-AVL 

Approval 
scientific 
committee 
 

Scientific 
committee 

Scientific 
committee 

Assessing 
committee 

Scientific 
committee 

METC Missing Missing 

Budget X 
 

X X X Reimbursement 
overview 

Missing  Financial 
Information 

 
Budget. Different names are used to describe an overview of the costs related to trials. LUMC uses the 
term budget, Martini the term reimbursement overview while NKI-AVL chooses the name financial 
information.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Merely a naming difference, not an issue.    

 
Resource differences 
 
Output differences 
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For all hospitals, certain documents have to be prepared to be able to submit the study for approval. 
The documents to be collected differ for WMO studies and not WMO studies (this distinction is not 
made by NKI-AVL). The differences are listed below.  
 
 
 

Document LUMC 
(WMO) 
singlecenter 

LUMC 
(WMO) 
Multicenter, 
LUMC 
assesses 

LUMC 
(WMO) 
Multicenter, 
LUMC 
participates 

LUMC 
(not 
WMO) 

Martini 
(WMO) 

Martini 
(not 
WMO) 

NKI-AVL 
(**) 

Letters X 
 

X X Missing Missing Missing X  

Submission 
letter 
 

Missing Missing Missing X Missing Missing Missing 
 

Eudract form 
 

X  X Missing Missing Missing Missing X 
(forms) 
 

ABR form 
 

X X X Missing X Missing X 
(forms) 
 

Research 
protocol 
 

X X X X X X 
(Checklist) 

X  

PIF 
 

X  X X X X X X 

Product 
information 
 

X X X Missing Missing Missing X  

Insurance 
certificate 
 

X X X Missing X Missing X  

CV 
 

X X X Missing Missing Missing X  

Contract 
sponsor 
 

Missing Missing Missing X  X Missing X 

Information 
participating 
facilities 
 

Missing X  Missing Missing Missing Missing X 

Safety 
information 
 

Missing Missing Missing Missing Missing Missing X  

Research 
statement 
 

X  Missing X  Missing X Missing X 

Questionnaires 
 

X X X X Missing X X 
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Approval 
scientific 
committee * 
 

X X X X X Missing Missing 

Budget * 
 

X X X X X  Missing X 

Other forms 
 

X X X X Missing Missing X  

 
Comments 
** NKI-AVL does not distinguish between WMO / not WMO. 
* Naming Difference 
 
Submission Letter, Eudract form, Product Information, CV, Information participating facilities, Safety 
information. These documents are not needed to assess local feasibility and are assessed by the 
METC. Some forms are needed to be able to assess local feasibility. Martini chooses to only consider 
these documents. Other documents are part of the assessment by METC and it is legally obliged for 
Martini to copy the verdict of METC, so there is no need for them to spend time on preparing these 
documents (since it falls under the METC assessment). This is something all healthcare facilities can 
decide on, which means some of them do choose to take care of these documents. For example, 
LUMC and NKI-AVL do consider this part of the required preparation of documents.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Documents are not required to be assessed by the healthcare facilities, but fall under the 
responsibility of the METC. This means these documents are not required to be considered when 
describing the trial process of healthcare facilities.  

 
ABR form. An ABR form is required for WMO research. However, not for not WMO research, which 
means it is no issue this form is missing for not WMO research. 
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
An ABR form is not required for not WMO research.  

 
Research protocol. A necessary document for study approval is a study protocol. For not WMO 
research a filled in checklist could suffice. When a checklist is completed, it is the same as a study 
protocol, it includes the same information.  
 

Difference Resolution 
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 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Some healthcare facilities choose to use a checklist to create a study protocol for not WMO 
research. In the end, the only thing that matters is a study protocol is created for each trial, which is 
the case. 

 
Insurance certificate. An insurance certificate is necessary for WMO research since people undergo 
treatment and something can happen to them. However, for not WMO research this isn’t the case so 
an extra insurance certificate (next to the normal health insurance) is not necessary.  This means the 
difference is not an issue.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Document is not required for not WMO research, which means the difference is not an issue.   

 
Research statement. A signed research statement is required for WMO research. However for not 
WMO research it is not needed since only care is provided, nothing extraordinary.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 

Comments 
Since the document is required by law, creating /collecting this document was included in all 
process models (for WMO research).  

 
Approval scientific committee. This is part of the approval of MEC for not WMO research. For WMO 
research, it is required by law the study is approved by a recognized METC. However, the internal 
approval of the study can be designed in different ways. Martini’s policy requires approval of the 
scientific committee, however this is not an obligation by law. 
  

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Healthcare facilities can decide on their policy on approval for not WMO studies. Approval of a 
scientific committee is not required by law.    
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Questionnaires. Whether or not questionnaires are used depends on the study. Mostly questionnaires 
are used for not WMO research.  Investigators can choose whether or not to use questionnaires, it is 
not a general, required document.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This document is not required by law or generally used, the use depends on the choice of the 
researcher.    

 
Budget. A budget is necessary for WMO research. However for not WMO research it is not required, 
since in this case only care is provided and this is part of the regular health insurance.  This means the 
difference is not fundamental.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This document is not required for not WMO research, which means the document missing in that 
case is not an issue.     

 

8.6.4. Assessment  

Differences for the sub process “Assessment / study approval” of the sub process Study Approval  LUMC, 
Martini and AVL.  
 
Authorization Differences 
 
Different Roles 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Study (START) 
 

METC SI MEC BoD 

Assessment 
(external) 
 

METC Approval 
Committees 

Missing (if WMO) METC 

Assessment 
(internal) 
 

Internal METC BoD MEC BoD 

Rejection (END) METC SI (external) MEC METC (external)  
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 (study assessed) 
 

BoD (internal) BoD (internal) 

Send written 
approval 
 

Missing BoD MEC Missing 

Approval METC 
(study assessed) 

BoD MEC BoD & METC 

 
The role differences regarding the scientific department and approval committees have already been 
discussed.  
 
Activity Differences 
 
Skipped activity 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Assessment 
(external) 
 

X X Skipped (if WMO)  
X 

Request additional 
information / 
adjustments 
 

Skipped Skipped X Skipped 

Provide requested 
information 
 

Skipped Skipped X Skipped 

Send negative 
advice to BoD 
 

Skipped X Skipped Skipped 

Inform client about 
rejection 
 

Skipped Skipped X Skipped 

Rejection (END) 
 

Skipped X X X 

Send positive 
advice to BoD 
 

Skipped X Skipped Skipped 

Send documents to 
BoD 
 

Skipped X Skipped Skipped 

Update study 
information 
 

Skipped X Skipped Skipped 

Receive documents 
 

Skipped X Skipped Skipped 

Send written 
approval 
 

Skipped X X X 

Approval Skipped X X X 
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External assessment (METC). Approval of METC is legally required for WMO research. For not WMO 
research this isn’t required. For not WMO research this isn’t required, which explains why the activity 
is skipped for not WMO research. 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Since external assessment by METC is only required for WMO research, it is no issue this activity is 
not included in the approval of not WMO research.   

 
Request additional information / provide requested information. Of course, throughout the trial 
process, ambiguities can always appear. When this is the case, people just ask the right person about 
the ambiguities and solve it. This is an activity which can occur throughout the whole process, and is 
not fundamental at a specific point. It means the trial process is a collaboration between several 
stakeholders and evolves in an iterative manner. 
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Not a once-occurring activity, but rather a reoccurring activity throughout the entire process.      

 
Send negative advice to BoD. If the study is not approved by METC and/or scientific committee, the 
study is rejected. Officially a negative advice should be sent to the board of directors. However in 
practice this doesn’t happen and the study is immediately rejected. A WMO study is never executed if 
the METC does not approve.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Since a WMO study is never executed without approval of the METC, this is a redundant activity 
(implied by the process flow and END). However, it is also not an issue which needs resolution.  

 
Inform client about rejection. When a study is rejected, of course all stakeholders should be informed 
about this rejection. Not only the client, but all stakeholders have to know about this rejection. This is 
not a fundamental difference to be considered.   
 

Difference Resolution 
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 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
As already discussed, stakeholders are continuously updated about important changes throughout 
the trial process. Not specifically the client, but all stakeholders are also updated in this case. Again, 
part of the overall, iterative and collaborative process. Could be decided to specifically model this 
situation, not an issue. 

 
Send positive advice to BoD. For WMO research, next to the approval of METC, the approval of the 
board of directors is required and an assessment of the local feasibility. At Martini, local feasibility is 
assessed by the scientific committee. If they approve on the study, they send a positive advice to the 
board of directors, who then assess the study based on this advice.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
This specific procedure is part of Martini’s policy and not required for all hospitals. 

 
Send documents to BoD . Since approval of the board of directors is required for WMO research, 
sending them the documents needed to assess the study is also fundamental.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
Necessary documents are required to get approval of the BoD, making this activity fundamental to 
be included in the business process model.  

 
Update study information. Just like the activity ‘request additional information’, this is an activity 
which is not executed at one specific point in the trial process. The study information is continuously 
updated, meaning this is an ongoing activity. 
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Not a once-occurring activity, but rather a reoccurring activity throughout the entire process.      
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Receive documents. The activity “send documents” already implies the documents are sent and thus 
received by the party to whom they are sent. This is implied by the process flow and therefore it is not 
necessary to separately model this activity in the process.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Activity is implied by the process flow, no need to separately model this. However, it is not an issue.      

 
Send written approval . Written approval is a legally required document to be saved. For it to be saved, 
the assessing party has to send the written approval. However, approval includes this written approval 
to be send, explaining the choice for some healthcare facilities to not separately name this activity.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Implied by the (happy) process flow. However, not separately naming and modelling the activity is 
not an issue. However, to ensure clarity the activity could be included in the business process model       

 
Approval. For a study to be executed, it has to be approved by some parties. The only reason why this 
end event is missing for LUMC is because of modelling choices (it does appear in the overarching 
process), meaning it is not a fundamental difference.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
For LUMC the activity is executed, but at a different point in the process.       

 
 
Interchanged activity 
 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

Study (START) 
 

Study WMO study Not WMO study Study  

External 
assessment 

External assessment Assessment Missing Assessment 
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Internal assessment 
 

Internal assessment Assessment BoD Assessment (MEC) Assessment 
BoD 

Study assessed 
(END) 

Study assessed Approval / 
Rejection 

Approval / 
Rejection 

Approval / 
Rejection 

 
Study (start event). In all cases, study approval starts with a study (WMO / not WMO). This was already 
discussed. 
 
External / internal assessment. Naming differences, the effect is the same: a study being assessed.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Naming differences, not an issue.  

 
 
Study assessed (end event). The only reason why this end event is missing for LUMC is because of 
modelling choices (approval / rejection does appear in the overarching process), meaning it is not a 
fundamental difference. 
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
For LUMC the activity (approval or rejection) is executed, but at a different point in the process.       

 
Control Flow Differences 
 
Activities occur at different moments in the process 

Activity LUMC Martini  
WMO 

Martini 
Not WMO 

AVL 

External 
Assessment 
 

After start After start Missing After start 
 

Internal assessment After external 
assessment 

After external 
assessment 

After start After external 
assessment 

 
Internal Assessment. Not WMO research does not require external assessment, which explains the 
difference (and was already discussed). 
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8.6.5. Prepare start study 

 
Differences for the sub process “Prepare start study” of the trial process of  LUMC, Martini and AVL.  
 
Authorization Differences 
 
Different roles 
 

Activity LUMC Martini AVL 
Approved study (START) 
 

Scientific Committee Research Nurse Data Management 

Make investigator site file (ISF) 
 

Scientific Committee Research Nurse Data Management 

Create detailed description of 
study procedure 
 

Research Nurse & 
Scientific Committee 

Research Nurse Principal Investigator 

Develop eCRF 
 

Research Nurse Research Nurse Data Management 

Develop CRF 
 

Research Nurse Research Nurse Data Management 

Study prepared (END) Scientific Committee Research Nurse Data Management 

 
The role differences regarding the scientific department,  data management and the research nurse 
have already been discussed.  
 

8.6.6. Inclusion 

 
Differences for the sub process “Inclusion” of the trial process of LUMC, Martini and AVL.  
 
Authorization Differences 
 
Different Roles 
 

Activity LUMC Martini AVL 
Incoming patient (START) 
 

Doctor Research Nurse Doctor 

Screen patient 
 

Doctor Research Nurse Doctor 

Patient not included (END) 
After screening 
 

Doctor Research Nurse Doctor 

Inform patient about the trial 
 

Doctor Research Nurse Doctor 

Give PIF 
 

Doctor Research Nurse Doctor 

Receive message patient is 
eligible 
  

Principal Investigator Skipped Eligibility Employee 
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Check IC 
 

Research Doctor Principal Investigator Eligibility Employee 

Patient not included (END) 
After check IC 
 

Research Doctor Principal Investigator Eligibility Employee 

Second check inclusion criteria 
 

Research Doctor Principal Investigator Eligibility Employee 

Patient not included (END) 
After check inclusion criteria 
 

Research Doctor Principal Investigator Eligibility Employee 

Update (e)CRF 
 

Research Nurse Research Nurse Data Management 

Patient included (END) Research Nurse Research Nurse Data Management 

 
Eligibility employee. AVL has an eligibility employee responsible for determining whether or not a 
patient fulfills inclusion criteria. This process is automated through placing an eligibility order in EZIS.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Who executes the eligibility check does not matter, the only thing that is required is the check being 
executed.  

 
The role differences regarding the scientific department,  data management and the research nurse 
have already been discussed. 
 
Activity Differences 
 
Skipped Activity 

Activity LUMC Martini AVL 
Inform PI about eligible patient 
 

X Skipped Skipped 

Receive message patient is 
eligible 
 

X Skipped Skipped 

Request eligibility check 
 

Skipped Skipped X 

Receive eligibility order 
 

Skipped Skipped X 

Ask patient if interested in 
participation * 
 

X X Skipped 

Patient not included (END) 
(if not interested) * 
 

X X Skipped  

Plan intake with research doctor 
* 

X Skipped Skipped 
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Inform research doctor about 
intake * 
 

X Skipped Skipped 

Intake with patient * X Skipped Skipped 
 

Update study status to explicit 
permission  
 

X Skipped Skipped 

Give a copy of IC to patient 
 

Skipped X Skipped 

Archive IC 
 

Skipped X Skipped 

Inform PI (after inclusion) * 
 

Skipped Skipped X 

Register patient 
 

Skipped Skipped X 

Request randomization 
 

Skipped Skipped X 

Randomization 
 

Skipped X X 

Explain follow-up to the patient 
 

Skipped X Skipped 

Request DM support 
 

X Skipped Skipped 

Deliver DM support X Skipped Skipped 

 
Eligibility check. All hospitals screen patients to determine whether or not the patient might be 
suitable to participate in the trial. When this first screening proves a patient might be eligible, 
someone is informed to execute a detailed check of the inclusion criteria. At AVL one employee is 
responsible for this eligibility check and handles all eligibility requests. This difference is not 
fundamental, it’s just different naming of activities, the effect is the same. However, the content of 
the activity, namely determining if a patient can be considered for inclusion, is obliged.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
For all patients it is required to determine if the patient is eligible before considering the patient for 
inclusion. However, the naming difference between the activities or the exact execution 
(automated for AVL) is no issue.     

 
Inform PI about eligible patient.  Martini stated it is not necessary to also directly inform the principal 
investigator after this activity. The PI is continuously updated on everything related to the trial, it’s not 
specifically interesting to communicate the result of this activity.  
 

Difference Resolution 

 Correct Difference  Difference Remains (no issue) 
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 Difference not fundamental 

 Other 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Not a once-occurring activity, but rather a reoccurring activity throughout the entire process.      

 
* The activities marked with a “*” are not fundamental. Whether or not these activities were included 
in the process model depends on the information given by the respondents and the level of detail on 
the inclusion. Every hospital determines their own policy on how to design the inclusion process.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
The only requirements are checking eligibility and make sure an IC is signed and archived. Besides 
this, healthcare facilities can decide on their precise design of the inclusion process.      

Update study status to Explicit Permission. Part of checking the inclusion criteria is making sure an 
informed consent is signed by the patient and the executor (doctor mainly). This means a patient gave 
explicit permission. Martini and AVL choose not to use a separate study status to mark this situation, 
they do have a status to mark the end of the inclusion for a study (respectively follow-up and closed). 
Whether or not software support is necessary to mark this explicit permission, is further investigated 
with the survey.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Give a copy of IC to patient & Archive IC. For a patient to be included in a trial, an IC must be signed. 
The patient has to receive a copy of the signed IC an a signed IC has to be archived.   
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
These activities, as obliged by law, were included in the business process model.  
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Randomization. For phase 3 trials, It is obligated to execute randomization on patients during the 
inclusion process. However, this is not a standard activity executed in all trials (not for phase 1 / 2 
trails). Therefore, this difference requires resolution.   
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
This activity, as obliged for phase 3 trials, was included in the business process model.  

 
Explain follow-up to the patient. Of course, throughout the trial, patients should be informed into 
detail about the next steps and the course of the trial. However, this is rather an ongoing activity than 
a once occurring activity. There for it is not an issue this activity has not been explicitly stated at this 
moment by two cases.  

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Not a once-occurring activity, but rather a reoccurring activity throughout the entire process.      

  
Explain follow-up to the patient. It is of great importance to keep patients involved in the trial, 
informed about the next steps of the trial. Martini indicated this is a required activity to be executed 
after the inclusion has been fulfilled.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
It is necessary to keep patients informed throughout the trial. There for this step was included in 
the business process model.  

 
Data management support. These activities are not fundamental to specifically be included in the 
process model in this part of the process. Data management has a supporting role throughout the 
whole trial process, not only at this specific point in the process (that is why the role is considered 
fundamental).  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
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Comments 
Not a once-occurring activity, but rather a reoccurring activity throughout the entire process.      

 
Control flow differences 
 
Different dependencies 
 

Activity LUMC Martini AVL 
Patient not included  (END) 
 

After screening 
 
After ask patient if 
interested (doctor) 
 
After ask patient if 
interested in 
participation (after 
eligibility check) 
 
After IC check 
 
After check inclusion 
criteria 

After screening 
 
After ask patient if 
interested (doctor) 
 
After ask patient if 
interested in 
participation (after 
eligibility check) 
 
After IC check 
 
After check inclusion 
criteria 

After screening 
 
After ask patient if 
interested (doctor) 
 
- 
 
 
 
 
After IC check 
 
After check inclusion 
criteria 

 
Patient not included. Throughout the inclusion process, several activities can result in a patient not 
being included in the trial.  Throughout the process, patients are explicitly asked if they want to 
participate several times. The exact design of the inclusion process is a result of the choice made by 
the healthcare facilities.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Healthcare facilities can decide on their precise design of the inclusion process. Choices regarding 
the exact process, determine when this END event will occur.     

 
Different resources 
 
Input differences 
 

Activity LUMC Martini AVL 
Screen patient 
 

Intranet (DB) Nothing TRION  
 

Check inclusion criteria Protocol (e)CRF Eligibility 
Questionnaire 

 
These database / resource differences were already discussed. 
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8.6.7. Treatment 

Differences for the sub process “Treatment” of the trial process of LUMC and Martini. AVL did not 
explain the details of the treatment, since the interviewed employee did not have sufficient 
knowledge about this part of the process.  
 
Authorization Differences 
 
Different Roles 
 

Activity LUMC Martini AVL 
Perform / Request operations 
 

Research Nurse  / 
Principal Investigator 
or Doctor 
 

Principal Investigator - 

Patient treated (END) Principal Investigator / 
Doctor 

Scientific Institute  

 
The role differences regarding the scientific department and the research nurse have already been 
discussed.  
 
Activity Differences 
 
Skipped Activity 

Activity LUMC Martini AVL 
Request operations (link to study 
code) 
 

Skipped X - 
 

Link operations to trial DBC X Skipped  
 

 

Make overview of costs and 
revenues 
 

Skipped X  

Send invoice to the sponsor  Skipped X  

 
Study code / Trial DBC . Both LUMC and Martini use measures to strictly separate regular and 
experimental care. LUMC links operations to a so called trial DBC. Martini requests operations with an 
attached unique study code to ensure separation. NKI-AVL also uses study codes, but does not attach 
this to the requested operations. Whether or not a trial DBC and/or unique study code is a must have 
feature in a software solution can be further researched with the survey.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
It’s obliged regular care and experimental (trial) care remains separated. However, the way in which 
healthcare facilities ensure this separation remains a choice of those healthcare facilities. Whether 
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or not the solutions used by NKI-AVL and/or Martini would be suitable for other hospitals, was 
researched through the survey.   

 
Make overview of costs and revenues. Throughout the trial, it is required to make an overview of the 
costs and revenues, based on the listed operations. In this way it can be monitored whether or not the 
trial is executed in line with the budget. Also, this overview is necessary to receive the agreed on 
reimbursement from sponsoring parties.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
This is a fundamental activity to monitor the progress related to costs and revenues, it requires 
resolution.  

 
Send invoice to sponsor. This activity is required for sponsor studies, since this is the way to receive the 
agreed on reimbursement of the sponsor.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 
 Difference to be resolved - Modelling 

 Other 
 

Comments 
Since this activity is required for sponsor studies, it requires resolution.  

 
Interchanged activity 
 

Activity LUMC Martini AVL 
Perform operations 
 

X Request operations - 
 

 
Perform operations. Of course, throughout the trial certain operations are performed. This naming 
difference is a result of different perspectives: the principal investigator requests the operations, the 
research nurse performs the operations. However, the resulting list of operations is fundamental, 
meaning this activity should be included in the business process model.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
The naming difference is not fundamental, the activity is. The naming difference does not need 
resolution. 
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Partly corresponding activities 
 

Activity LUMC Martini AVL 
List operations 
 

X Per quarter - 
 

 
List Operations. Listing the operations is required to make an overview of the costs to be send to the 
sponsor. The period over which costs are listed depends on the choice people make. Whether this 
overview is fundamental is researched in the survey.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether this overview is fundamental is researched in the survey. 

 

8.6.8. Study statuses 

Differences for the study statuses used by  LUMC, Martini and AVL. 
 
Authorization Differences 
 
Different Roles 
 

Activity LUMC Martini AVL 
Update study status 
 

Research Doctor 
(explicit permission), 
Scientific Committee 
(Closed) 

Scientific Institute 
(all) 

Data Management (all) 
 

 
Update study status . Differences between who updates the study status are not an issue. If and what 
study statuses are used is fundamental.  
 

Difference Resolution 

 Correct Difference 
 Difference not fundamental 

 Other 

 Difference Remains (no issue) 

 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
No fundamental role differences which need resolution.      

 
Activity Differences 
 
Skipped Activity 
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Study status Meaning LUMC Martini AVL 
Pending 
 

Before protocol 
approval 

Skipped X X 
 

     
Registration During protocol 

approval 
 

Skipped X Skipped 

Approved After protocol 
approval 
 

Skipped X  
X * 

Open Patients can be 
included 
 

Skipped X 

Explicit permission Patient included 
(singed IC) 
 

X Skipped Skipped 

Suspended Temporarily abort 
trial 
 

Skipped Skipped X 

Follow-up Required amount of 
patients is reached 

Skipped X X  
(Closed) 
 

Closed Study completed X X X  
(Completed) 

 
* AVL uses the status “open” to indicate a protocol has been approved and patients can be included 
(instead of two separate statuses like Martini does). Whether or not this difference is fundamental, is 
further researched in the survey.  
 
Approved / Open. These study statuses are fundamental for the hospitals who choose to use it. It is the 
only way to find all trials currently approved  (approved)  and open for inclusion (open). 
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Registration. Martini chooses to use this status to be able to see at any moment what trials are 
currently being assessed. It is a way for them to monitor all trials into detail. Whether or not this 
difference is fundamental, is further researched in the survey, as discussed before.  
  
Explicit Permission. LUMC chooses to use this status to indicate a patient gave explicit permission to be 
included in the trial, which is required by law. Whether or not this difference is fundamental, is further 
researched in the survey.  
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Suspended. It is always possible a trial is temporarily aborted for whatever reason. However, hospitals 
make their own choice whether or not to mark this occasion with a specific study status. AVL does this 
with the study status Suspended. Martini unofficially uses the study status ‘on hold’ to mark this 
occasion. But to prevent people from getting lazy and not actively being involved in the trial anymore, 
this study status is not officially used or communicated to stakeholders.  
 

Difference Resolution 

 Correct Difference 

 Difference not fundamental 

 Other 

 Difference Remains (no issue) 
 Difference Remains (survey) 

 Difference to be resolved - Modelling 

 Other 
 

Comments 
Whether study statuses are used and if this is the case, what study cases are used, is something 
each healthcare facility can decide on. However, it would be interesting to know what statuses are 
preferred, to be able to support this in the software solution.  

 
Follow-up. Both Martini and NKI-AVL use a separate study status to indicate inclusion has ended, but 
the study has not been fully completed. The study report still needs to be finished. Again, the survey 
will indicate whether or not this is a fundamental study status to be incorporated in a software 
solution, as discussed previously. 
 
LUMC hardly uses study statuses to monitor study statuses. However, the research coordinator did 
indicate during the interview it is hard for her to monitor all trials and to have an overview of the exact 
phase all trials are currently in. Therefore, if it is easy to use, it might me beneficial for them to start 
using the study statuses like Martini and AVL do, to monitor trials more carefully. This is fundamental 
to be able to know exactly in what phase trials are currently in. The survey will indicate whether or not 
this is also considered to be fundamental for other healthcare facilities.  
 
Refined activity 
 

Study status Meaning LUMC Martini AVL 
Open (AVL) Protocol approved, 

patients can be 
included 

Skipped Approved, Open Open 

     

 
Update study status to Approved / Open. Martini indicated making a difference between a study being 
approved and a study being open for inclusion is fundamental, to monitor study progress more 
closely. Thus, this was included in the survey, as already discussed. 
 
Resource differences 
 
Input differences 
 

Activity LUMC Martini AVL 
Update study status EZIS Research Manager TRIMIS 
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As already discussed, different healthcare facilities use different databases to update trial related 
information. 
 

8.6.9. Databases 

Differences for the databases used by  LUMC, Martini and AVL. 
 

What? Access LUMC Martini AVL 
Overview open 
trials (application) 
 

 Intranet (lumc.org) Research manager 
(search study 
status: open) 

TRION 
(intranet) 

Patient data  
(in a monitoring 
database) 

Can only be 
accessed with a 
key. Entry is logged. 

EZIS (parelsnoer*) 
ACCESS 
 

Research Manager 
(with key) 

TRIMIS 

 
Anonymized data 
(in research 
database) 

 
 

 
ACCESS  
PROMISe/CASTOR 

 
Research Manager 
and study code  (in 
EZIS) 
 
 

 
TRION 

Clinical data in 
study specific 
application  

 (E)CRF (E)CRF (E)CRF 

 
Databases. Healthcare facilities use different databases. 
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8.7.  Appendix G: Harmonized Business Process Model 

 
Figure 67: Trial process 
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Figure 68: Study approval (+) 
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Figure 69: Prepare documents (+) 
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Figure 70: Prepare documents WMO(+) 
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Figure 71: Prepare documents not WMO(+) 
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Figure 72: Assessment (+) 
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Figure 73: Prepare start study (+) 
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Figure 74: Inclusion (+) 
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Figure 75: Treatment (+) 
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8.8.  Appendix H: Survey 
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8.9.  Appendix I: Survey design 

Functionalities (to 
be prioritized) 

Business process 
modelling 

Fundamental Difference Factors influencing decision 
making 

Study file Trial process 
Study Approval (+) 
Prepare start study (+) 
 

Yes (study dossier) Legal obligations  
(standardization) 
 
Design criteria  
(in line with regulations) 

Study status Trial process 
Inclusion (+) 

Yes (registration, 
approved, open, explicit 
permission, suspended, 
follow-up, closed) 

Design criteria  
(monitoring) 

Overview studies Inclusion (+) Yes (linked to study 
code) 

Data management  
(databases) 

Monitor data 
access 

  Data management  
 
Design criteria  
(monitoring) 

Access to 
anonymized data 

  Legal obligations  
(privacy and security) 
 
Design criteria 
(anonymized data) 

Access to patient 
data 

  Legal obligations  
(privacy and security) 
 
Data management 
 
Design criteria  
(monitoring) 

Unique study code Trial process 
Study approval (+) 
Treatment (+) 

Yes 
  

Legal obligations  
(separate experimental and 
regular care) 
 
Data management 
 
Design criteria  
(support separation) 

Capture (e)CRF Prepare start study (+) Yes (databases) 
 

Legal obligations 
(standardization) 
 
Data management  
(databases) 
 
Design criteria  
(communication) 

Capture 
Investigator Site 
File (ISF) 

Prepare start study (+) Yes (study dossier) Legal obligations 
(standardization) 
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Data management  
(databases) 
 
Design criteria  
(communication) 

Data analysis Trial process  Data management 

Password    Legal obligations 
(privacy and security) 
 
Data management 
 
Design criteria  
(anonymized data, monitoring) 

Log files   Legal obligations 
(privacy and security) 
 
Data management 
 
Design criteria  
(anonymized data, monitoring) 

Screen patient Inclusion (+)  Legal obligations 
(privacy and security, 
standardization) 
 
Design criteria  
(in line with regulations) 

Inclusion criteria Inclusion (+)  Legal obligations  
(privacy and security, 
standardization) 
 
Design criteria  
(in line with regulations) 

Amount of patients  Trial process  Design criteria 
(Monitor) 

Indicate when 
required amount of 
patients is reached 

Trial process  Legal obligations 
(monitor) 
 
Design criteria 
(Monitor) 

List of patients Inclusion (+)  Legal obligations 
(monitor) 
 
Design criteria 
(Monitor) 

Randomization Inclusion (+) Yes (resolved through 
modelling) 

Legal obligations 
(Standardization) 
 
Data management  
(databases) 

Planning   Legal obligations 
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(input software 
developers) 

(monitor) 
 
Design criteria  

List of operations to 
be executed 

Prepare start study (+)   

List of executed 
operations 

Treatment (+) Yes  

Financial overview 
 

Treatment (+) Yes (resolved through 
modelling) 

Legal obligations  
(financial obligations) 

Trial DBC Treatment (AVL) (+)* Yes 
 
 

Legal obligations  
(separate experimental and 
regular care) 

 
* the harmonized model shows the procedure used by Martini to separate experimental and regular 
care, namely to link operations to a unique study code. AVL uses a trial DBC to ensure this separation. 
Both were included in the survey.  
 
 
 

Remaining 
questions 

Business process modelling Thematic Coding Fundamental Difference 

Function Pools, representing 
stakeholders involved 

  

Type of trials Prepare documents (+) 
Assessment (+) 

  

How are study 
statuses updated 

Trial process 
Inclusion (+) 
 
(data objects used) 

  

Approval 
committees 

Trial process 
Study approval (+) 
Assessment (+) 

 Yes 

Databases 
(eCRF,  

  Yes 

Informed 
Consent 

Inclusion (+) Legal obligations 
(standardization) 

 

 
Further, to map the maturity of the healthcare facilities two questions on maturity were added to the 
survey. This information is substantial input in software improvement initiatives.  
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8.10.  Appendix J: SPSS analysis of the survey 

8.10.1. Population 

 

 

Zorginstelling 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid NKI-AVL 11 47,8 55,0 55,0 

Catharina 1 4,3 5,0 60,0 

LUMC 1 4,3 5,0 65,0 

UMCU 3 13,0 15,0 80,0 

Maastro 1 4,3 5,0 85,0 

Martini 1 4,3 5,0 90,0 

Haga 1 4,3 5,0 95,0 

DZ 1 4,3 5,0 100,0 

Total 20 87,0 100,0  

Missing Niet ingevuld 3 13,0   

Total 23 100,0   

 

 

$Function Frequencies 

 

Responses Percent of 

Cases N Percent 

$Functiona Hoofdonderzoeker 1 3,7% 4,3% 

Data Management 9 33,3% 39,1% 

Onderzoekscoordinator 6 22,2% 26,1% 

Wetenschapsbureau 4 14,8% 17,4% 

Project Manager 2 7,4% 8,7% 

Statisticus 1 3,7% 4,3% 

Clinical Research Associate 

(CRA) 

1 3,7% 4,3% 

Informatie Analyst 1 3,7% 4,3% 

Monitor 2 7,4% 8,7% 

Total 27 100,0% 117,4% 

a. Dichotomy group tabulated at value 1. 

 
Zorginstelling = NKI-AVL 
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$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Data Management 4 30,8% 36,4% 

Onderzoekscoordinator 3 23,1% 27,3% 

Wetenschapsbureau 2 15,4% 18,2% 

Project Manager 1 7,7% 9,1% 

Clinical Research Associate 

(CRA) 

1 7,7% 9,1% 

Monitor 2 15,4% 18,2% 

Total 13 100,0% 118,2% 

a. Zorginstelling = NKI-AVL 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = Catharina 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Hoofdonderzoeker 1 33,3% 100,0% 

Data Management 1 33,3% 100,0% 

Wetenschapsbureau 1 33,3% 100,0% 

Total 3 100,0% 300,0% 

a. Zorginstelling = Catharina 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = LUMC 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Onderzoekscoordinator 1 100,0% 100,0% 

Total 1 100,0% 100,0% 

a. Zorginstelling = LUMC 

b. Dichotomy group tabulated at value 1. 
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Zorginstelling = UMCU 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Data Management 1 33,3% 33,3% 

Onderzoekscoordinator 1 33,3% 33,3% 

Project Manager 1 33,3% 33,3% 

Total 3 100,0% 100,0% 

a. Zorginstelling = UMCU 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = Maastro 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Onderzoekscoordinator 1 100,0% 100,0% 

Total 1 100,0% 100,0% 

a. Zorginstelling = Maastro 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = Martini 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Wetenschapsbureau 1 100,0% 100,0% 

Total 1 100,0% 100,0% 

a. Zorginstelling = Martini 

b. Dichotomy group tabulated at value 1. 
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Zorginstelling = Haga 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Data Management 1 100,0% 100,0% 

Total 1 100,0% 100,0% 

a. Zorginstelling = Haga 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = DZ 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Informatie Analyst 1 100,0% 100,0% 

Total 1 100,0% 100,0% 

a. Zorginstelling = DZ 

b. Dichotomy group tabulated at value 1. 

 

 
Zorginstelling = Niet ingevuld 
 

 

 

$Functie Frequenciesa 

 

Responses 

Percent of Cases N Percent 

$Functieb Data Management 2 66,7% 66,7% 

Statisticus 1 33,3% 33,3% 

Total 3 100,0% 100,0% 

a. Zorginstelling = Niet ingevuld 

b. Dichotomy group tabulated at value 1. 
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8.10.2. Type of trial 

$TypeTrial Frequencies 

 

Responses Percent of 

Cases N Percent 

$TypeTriala WMO singlecenter 21 23,9% 91,3% 

WMO multicenter, leidende 

instelling 

21 23,9% 91,3% 

WMO multicenter, 

deelnemende instelling 

23 26,1% 100,0% 

Niet WMO 19 21,6% 82,6% 

Biobanken 1 1,1% 4,3% 

Projecten 1 1,1% 4,3% 

Verpleegkundig onderzoek 1 1,1% 4,3% 

Hypothese genererend 

onderzoek 

1 1,1% 4,3% 

Total 88 100,0% 382,6% 

a. Dichotomy group tabulated at value 1. 

 

8.10.3. Study status 

GebruikStudieStatus 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Nee 6 26,1 26,1 26,1 

Ja 17 73,9 73,9 100,0 

Total 23 100,0 100,0  

 

 

Case Summary 

 

Cases 

Valid Missing Total 

N Percent N Percent N Percent 

$StudyStatusa 16 69,6% 7 30,4% 23 100,0% 

a. Dichotomy group tabulated at value 1. 

 

 

$StudyStatus Frequencies 

 

Responses Percent of 

Cases N Percent 

$StudyStatusa Pending 14 14,7% 87,5% 

Registration 8 8,4% 50,0% 
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Approved 11 11,6% 68,8% 

Open 16 16,8% 100,0% 

Explicit Permission 8 8,4% 50,0% 

Suspended 12 12,6% 75,0% 

Follow-up 11 11,6% 68,8% 

Closed 15 15,8% 93,8% 

Total 95 100,0% 593,8% 

a. Dichotomy group tabulated at value 1. 

 

 

 

Case Summary 

 

Cases 

Valid Missing Total 

N Percent N Percent N Percent 

$HowUpdateStatusa 17 73,9% 6 26,1% 23 100,0% 

a. Dichotomy group tabulated at value 1. 

 

 

$HowUpdateStatus Frequencies 

 

Responses Percent of 

Cases N Percent 

$HowUpdateStatusa UpdateStatusPapier 5 20,0% 29,4% 

UpdateStatusDB 17 68,0% 100,0% 

UpdateStatusISF 1 4,0% 5,9% 

UpdateStatusWeb 1 4,0% 5,9% 

UpdateStatusPC 1 4,0% 5,9% 

Total 25 100,0% 147,1% 

a. Dichotomy group tabulated at value 1. 

 
 

8.10.4. Maturity 

Zorginstelling = NKI-AVL 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 11 11 
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Missing 0 0 

a. Zorginstelling = NKI-AVL 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 9,1 9,1 9,1 

Grootste deel van de processen is 

gedefinieerd 

4 36,4 36,4 45,5 

De kwaliteit van processen en 

producten is meetbaar 

1 9,1 9,1 54,5 

Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

5 45,5 45,5 100,0 

Total 11 100,0 100,0  

a. Zorginstelling = NKI-AVL 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

4 36,4 36,4 36,4 

Grootste deel van de processen is 

gedefinieerd 

2 18,2 18,2 54,5 

Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

5 45,5 45,5 100,0 

Total 11 100,0 100,0  

a. Zorginstelling = NKI-AVL 

 

 
Zorginstelling = Catharina 
 

 

 

Statisticsa 
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 MaturityInstelling MaturityAfdeling 

N Valid 1 1 

Missing 0 0 

a. Zorginstelling = Catharina 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Ad hoc, ongedefinieerd, 

onvoorspelbaar 

1 100,0 100,0 100,0 

a. Zorginstelling = Catharina 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Ad hoc, ongedefinieerd, 

onvoorspelbaar 

1 100,0 100,0 100,0 

a. Zorginstelling = Catharina 

 

 
Zorginstelling = LUMC 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 1 

Missing 0 0 

a. Zorginstelling = LUMC 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 
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 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 100,0 100,0 100,0 

a. Zorginstelling = LUMC 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 100,0 100,0 100,0 

a. Zorginstelling = LUMC 

 

 
Zorginstelling = UMCU 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 3 3 

Missing 0 0 

a. Zorginstelling = UMCU 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

2 66,7 66,7 66,7 

Grootste deel van de processen is 

gedefinieerd 

1 33,3 33,3 100,0 

Total 3 100,0 100,0  

a. Zorginstelling = UMCU 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 
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Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 33,3 33,3 33,3 

Grootste deel van de processen is 

gedefinieerd 

2 66,7 66,7 100,0 

Total 3 100,0 100,0  

a. Zorginstelling = UMCU 

 

 
Zorginstelling = Maastro 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 1 

Missing 0 0 

a. Zorginstelling = Maastro 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Grootste deel van de processen is 

gedefinieerd 

1 100,0 100,0 100,0 

a. Zorginstelling = Maastro 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Grootste deel van de processen is 

gedefinieerd 

1 100,0 100,0 100,0 

a. Zorginstelling = Maastro 

 

 
Zorginstelling = Martini 
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Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 1 

Missing 0 0 

a. Zorginstelling = Martini 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

1 100,0 100,0 100,0 

a. Zorginstelling = Martini 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

1 100,0 100,0 100,0 

a. Zorginstelling = Martini 

 

 
Zorginstelling = Haga 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 1 

Missing 0 0 

a. Zorginstelling = Haga 

 

 
Frequency Table 
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MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

1 100,0 100,0 100,0 

a. Zorginstelling = Haga 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

1 100,0 100,0 100,0 

a. Zorginstelling = Haga 

 

 
Zorginstelling = DZ 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 0 

Missing 0 1 

a. Zorginstelling = DZ 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 100,0 100,0 100,0 

a. Zorginstelling = DZ 
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MaturityAfdelinga 

 Frequency Percent 

Missing Geen Mening 1 100,0 

a. Zorginstelling = DZ 

 

 
Zorginstelling = Niet ingevuld 
 

 

 

Statisticsa 

 MaturityInstelling MaturityAfdeling 

N Valid 1 2 

Missing 2 1 

a. Zorginstelling = Niet ingevuld 

 

 
Frequency Table 
 

 

 

MaturityInstellinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Een aantal kernprocessen zijn 

gedefinieerd op lokaal niveau 

1 33,3 100,0 100,0 

Missing Geen Mening 2 66,7   

Total 3 100,0   

a. Zorginstelling = Niet ingevuld 

 

 

MaturityAfdelinga 

 Frequency Percent Valid Percent Cumulative Percent 

Valid Processen worden continu 

verbeterd om te voldoen aan 

veranderende doelstellingen 

2 66,7 100,0 100,0 

Missing Geen Mening 1 33,3   

Total 3 100,0   

a. Zorginstelling = Niet ingevuld 
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8.10.5. Use eCRF 

GebruikCRF 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Ja 23 100,0 100,0 100,0 

      

8.10.6. Monitor data access 

 

 

DataToegang 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Nee 1 4,3 4,3 4,3 

Ja 22 95,7 95,7 100,0 

Total 23 100,0 100,0  

 

 

 

 

$HowMonitorAccess Frequencies 

 

Responses Percent of 

Cases N Percent 

$HowMonitorAccessa MonitorToegangLog 14 50,0% 73,7% 

MonitorToegangPersoon 13 46,4% 68,4% 

MonitorToegangECRF 1 3,6% 5,3% 

Total 28 100,0% 147,4% 

a. Dichotomy group tabulated at value 1. 

 

 

GebruikWachtwoord 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Ja 22 95,7 100,0 100,0 

Missing Niet van toepassing 1 4,3   

Total 23 100,0   
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8.10.7. Software functionalities (frequency tables) 

StudieDossier 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 4 17,4 17,4 17,4 

Could have 1 4,3 4,3 21,7 

Should have 5 21,7 21,7 43,5 

Must have 13 56,5 56,5 100,0 

Total 23 100,0 100,0  

 

 

StudieStatus 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 4 17,4 19,0 19,0 

Could have 1 4,3 4,8 23,8 

Should have 6 26,1 28,6 52,4 

Must have 10 43,5 47,6 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

OverzichtStudies 

 Frequency Percent 

Valid 

Percent 

Cumulative 

Percent 

Valid Won't have 3 13,0 14,3 14,3 

Should have 6 26,1 28,6 42,9 

Must have 12 52,2 57,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

MonitorToegang 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 1 4,3 4,8 14,3 

Should have 5 21,7 23,8 38,1 
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Must have 13 56,5 61,9 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

ToegangAnoniem 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 3 13,0 14,3 14,3 

Could have 2 8,7 9,5 23,8 

Should have 2 8,7 9,5 33,3 

Must have 14 60,9 66,7 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

ToegangPatient 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 3 13,0 14,3 14,3 

Should have 1 4,3 4,8 19,0 

Must have 17 73,9 81,0 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

StudieCode 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Should have 4 17,4 19,0 28,6 

Must have 15 65,2 71,4 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   
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VastleggingECRF 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 1 4,3 4,8 4,8 

Should have 5 21,7 23,8 28,6 

Must have 15 65,2 71,4 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

VastleggingISF 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 1 4,3 4,8 4,8 

Could have 3 13,0 14,3 19,0 

Should have 8 34,8 38,1 57,1 

Must have 9 39,1 42,9 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

DataAnalyse 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 7 30,4 33,3 33,3 

Could have 2 8,7 9,5 42,9 

Should have 3 13,0 14,3 57,1 

Must have 9 39,1 42,9 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

Wachtwoord 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 1 4,3 4,8 14,3 
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Should have 3 13,0 14,3 28,6 

Must have 15 65,2 71,4 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

Logbestanden 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 3 13,0 14,3 23,8 

Should have 3 13,0 14,3 38,1 

Must have 13 56,5 61,9 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

ScreenenPatient 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Could have 4 17,4 19,0 19,0 

Should have 5 21,7 23,8 42,9 

Must have 12 52,2 57,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

InclusieCriteria 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 1 4,3 4,8 4,8 

Could have 1 4,3 4,8 9,5 

Should have 7 30,4 33,3 42,9 

Must have 12 52,2 57,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   
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AantalPatienten 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 1 4,3 4,8 4,8 

Should have 8 34,8 38,1 42,9 

Must have 12 52,2 57,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

StudieVol 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 3 13,0 14,3 14,3 

Could have 1 4,3 4,8 19,0 

Should have 8 34,8 38,1 57,1 

Must have 9 39,1 42,9 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

PatientLijst 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 1 4,3 4,8 4,8 

Could have 1 4,3 4,8 9,5 

Should have 3 13,0 14,3 23,8 

Must have 16 69,6 76,2 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

Randomisatie 

 Frequency Percent Valid Percent 

Cumulative 

Percent 
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Valid Won't have 2 8,7 9,5 9,5 

Could have 3 13,0 14,3 23,8 

Should have 4 17,4 19,0 42,9 

Must have 12 52,2 57,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

PlanningAfspraken 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 1 4,3 4,8 14,3 

Should have 13 56,5 61,9 76,2 

Must have 5 21,7 23,8 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

WerklijstVerrichtingen 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 1 4,3 4,8 14,3 

Should have 10 43,5 47,6 61,9 

Must have 8 34,8 38,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

OverzichtVerrichtingenUitgevoerd 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 2 8,7 9,5 9,5 

Could have 1 4,3 4,8 14,3 

Should have 11 47,8 52,4 66,7 

Must have 7 30,4 33,3 100,0 
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Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

FinancieelOverzicht 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 4 17,4 19,0 19,0 

Could have 3 13,0 14,3 33,3 

Should have 8 34,8 38,1 71,4 

Must have 6 26,1 28,6 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   

 

 

TrialDBC 

 Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid Won't have 5 21,7 23,8 23,8 

Could have 2 8,7 9,5 33,3 

Should have 6 26,1 28,6 61,9 

Must have 8 34,8 38,1 100,0 

Total 21 91,3 100,0  

Missing Niet ingevuld 2 8,7   

Total 23 100,0   
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8.10.8. Software functionalities (histograms) 
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8.10.9. Statistics software functionalities 
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Functionality Valid (N) Missing (N) Mean 

Studie Dossier 23 0 3.17 

Studie Status 21 2 3.05 

Overzicht Studies 21 2 3.29 

Monitor Toegang 21 2 3.38 

Toegang Anoniem 21 2 3.29 

Toegang Patient 21 2 3.52 

Studiecode 21 2 3.52 

Vastlegging eCRF 21 2 3.62 

Vastlegging ISF 21 2 3.19 

Data Analyse 21 2 2.67 

Wachtwoord 21 2 3.48 

Logbestanden 21 2 3.29 

Screenen Patient 21 2 3.38 

Inclusie Criteria 21 2 3.43 

Aantal Patienten 21 2 3.48 

Studie vol 21 2 3.10 

Patient lijst 21 2 3.62 



239 
 

Randomisatie 21 2 3.24 

Planning Afspraken 21 2 3.00 

Werklijst Verrichtingen 21 2 3.14 

Overzicht Verrichtingen Uitgevoerd 21 2 3.10 

Financieel Overzicht 21 2 2.67 

Trial DBC 21 2 2.81 

Table 14: Statistics functionalities for the entire sample 
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Functionality Valid (N) Missing (N) Mean 

Studie Dossier 9 0 3.22 

Studie Status 8 1 3.25 

Overzicht Studies 8 1 3.25 

Monitor Toegang 8 1 3.13 

Toegang Anoniem 8 1 3.13 

Toegang Patient 8 1 3.25 

Studiecode 8 1 3.38 

Vastlegging eCRF 8 1 3.50 

Vastlegging ISF 8 1 3.25 

Data Analyse 8 1 2.38 

Wachtwoord 8 1 3.25 

Logbestanden 8 1 3.00 

Screenen Patient 8 1 3.88 

Inclusie Criteria 8 1 3.63 

Aantal Patienten 8 1 3.75 

Studie vol 8 1 3.13 

Patient lijst 8 1 3.88 
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Randomisatie 8 1 3.13 

Planning Afspraken 8 1 3.38 

Werklijst Verrichtingen 8 1 3.50 

Overzicht Verrichtingen Uitgevoerd 8 1 3.50 

Financieel Overzicht 8 1 2.63 

Trial DBC 8 1 2.38 

Table 15: Statistics functionalities for Data Management 
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Functionality Valid (N) Missing (N) Mean 

Studie Dossier 14 0 3.14 

Studie Status 13 1 2.92 

Overzicht Studies 13 1 3.31 

Monitor Toegang 13 1 3.54 

Toegang Anoniem 13 1 3.38 

Toegang Patient 13 1 3.69 

Studiecode 13 1 3.62 

Vastlegging eCRF 13 1 3.69 

Vastlegging ISF 13 1 3.15 

Data Analyse 13 1 2.85 

Wachtwoord 13 1 3.62 

Logbestanden 13 1 3.46 

Screenen Patient 13 1 3.08 

Inclusie Criteria 13 1 3.31 

Aantal Patienten 13 1 3.31 

Studie vol 13 1 3.08 

Patient lijst 13 1 3.46 
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Randomisatie 13 1 3.31 

Planning Afspraken 13 1 2.77 

Werklijst Verrichtingen 13 1 2.92 

Overzicht Verrichtingen Uitgevoerd 13 1 2.85 

Financieel Overzicht 13 1 2.85 

Trial DBC 13 1 3.08 

Table 16: Statistics functionalities for other roles 
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Since even with the best pair of eyes in the world it is impossible to read this table, the data was copied in the tables listed above.  
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8.10.10. Prioritization users and non-users 

 

StudieStatus * GebruikStudieStatus Crosstabulation 

 

GebruikStudieStatus 

Total Nee Ja 

StudieStatus Won't have Count 2 2 4 

Expected Count 1,0 3,0 4,0 

% within StudieStatus 50,0% 50,0% 100,0% 

% of Total 9,5% 9,5% 19,0% 

Could have Count 0 1 1 

Expected Count ,2 ,8 1,0 

% within StudieStatus 0,0% 100,0% 100,0% 

% of Total 0,0% 4,8% 4,8% 

Should have Count 1 5 6 

Expected Count 1,4 4,6 6,0 

% within StudieStatus 16,7% 83,3% 100,0% 

% of Total 4,8% 23,8% 28,6% 

Must have Count 2 8 10 

Expected Count 2,4 7,6 10,0 

% within StudieStatus 20,0% 80,0% 100,0% 

% of Total 9,5% 38,1% 47,6% 

Total Count 5 16 21 

Expected Count 5,0 16,0 21,0 

% within StudieStatus 23,8% 76,2% 100,0% 

% of Total 23,8% 76,2% 100,0% 

 

 

Chi-Square Tests 

 Value df 

Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 2,074a 3 ,557 

Likelihood Ratio 2,093 3 ,553 

Linear-by-Linear Association ,976 1 ,323 

N of Valid Cases 21   

a. 7 cells (87,5%) have expected count less than 5. The minimum 

expected count is ,24. 

Everyone uses eCRF, as obliged by law (so not significant). 
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VastleggingECRF * GebruikCRF Crosstabulation 

 

GebruikCRF 

Total Ja 

VastleggingECRF Won't have Count 1 1 

Expected Count 1,0 1,0 

% within VastleggingECRF 100,0% 100,0% 

% of Total 4,8% 4,8% 

Should have Count 5 5 

Expected Count 5,0 5,0 

% within VastleggingECRF 100,0% 100,0% 

% of Total 23,8% 23,8% 

Must have Count 15 15 

Expected Count 15,0 15,0 

% within VastleggingECRF 100,0% 100,0% 

% of Total 71,4% 71,4% 

Total Count 21 21 

Expected Count 21,0 21,0 

% within VastleggingECRF 100,0% 100,0% 

% of Total 100,0% 100,0% 

 

 

Chi-Square Tests 

 Value 

Pearson Chi-Square .a 

N of Valid Cases 21 

a. No statistics are computed 

because GebruikCRF is a constant. 
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MonitorToegang * DataToegang Crosstabulation 

 

DataToegang 

Total Nee Ja 

MonitorToegang Won't have Count 0 2 2 

Expected Count ,1 1,9 2,0 

% within MonitorToegang 0,0% 100,0% 100,0% 

% of Total 0,0% 9,5% 9,5% 

Could have Count 0 1 1 

Expected Count ,0 1,0 1,0 

% within MonitorToegang 0,0% 100,0% 100,0% 

% of Total 0,0% 4,8% 4,8% 

Should have Count 1 4 5 

Expected Count ,2 4,8 5,0 

% within MonitorToegang 20,0% 80,0% 100,0% 

% of Total 4,8% 19,0% 23,8% 

Must have Count 0 13 13 

Expected Count ,6 12,4 13,0 

% within MonitorToegang 0,0% 100,0% 100,0% 

% of Total 0,0% 61,9% 61,9% 

Total Count 1 20 21 

Expected Count 1,0 20,0 21,0 

% within MonitorToegang 4,8% 95,2% 100,0% 

% of Total 4,8% 95,2% 100,0% 

 

 

Chi-Square Tests 

 Value df 

Asymptotic 

Significance (2-

sided) 

Pearson Chi-Square 3,360a 3 ,339 

Likelihood Ratio 3,037 3 ,386 

Linear-by-Linear Association ,161 1 ,688 

N of Valid Cases 21   

 

 
 
 
 
 
Not significant, all respondents use a password.  
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Wachtwoord * GebruikWachtwoord Crosstabulation 

 

GebruikWachtw

oord 

Total Ja 

Wachtwoord Won't have Count 2 2 

Expected Count 2,0 2,0 

% within Wachtwoord 100,0% 100,0% 

% of Total 10,0% 10,0% 

Could have Count 1 1 

Expected Count 1,0 1,0 

% within Wachtwoord 100,0% 100,0% 

% of Total 5,0% 5,0% 

Should have Count 3 3 

Expected Count 3,0 3,0 

% within Wachtwoord 100,0% 100,0% 

% of Total 15,0% 15,0% 

Must have Count 14 14 

Expected Count 14,0 14,0 

% within Wachtwoord 100,0% 100,0% 

% of Total 70,0% 70,0% 

Total Count 20 20 

Expected Count 20,0 20,0 

% within Wachtwoord 100,0% 100,0% 

% of Total 100,0% 100,0% 

 

 

Chi-Square Tests 

 Value 

Pearson Chi-Square .a 

N of Valid Cases 20 

a. No statistics are computed 

because GebruikWachtwoord is a 

constant. 

 


